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PREFACE 


In  laying  the  following  pages  before  the  Public,  it  seems 
necessary  to  state  that  the  design  of  them  is  to  render  more  easily 
accessible  a  greater  degree  of  knowledge  of  the  general  principles 
of  Physics  and  Meteorology  than  is  usually  to  be  obtained, 
without  the  sacrifice  of  a  greater  amount  of  time  and  labour  than 
mo8t  persons  can  afford  or  arc  willing  to  make.  The  subjects 
of  which  this  volume  treats  are  very  numerous — more  numerous, 
in  fact,  than  at  firi$t  sight  it  would  seem  possible  to  embrace  in 
so  small  a  compass.  The  Author  has,  however,  by  a  system  of 
most  judicious  selection  and  condensation,  been  enabled  to 
introduce  all  the  most  important  facts  and  theories  relating  to 
Statics,  Hydrostatics,  Dynamics,  HydrodynEmiics,  Pneumatics, 
the  Laws  of  the  Motions  of  Waves  in  general,  Sound,  the  Theory 
of  Musical  Notes,  the  Voice  and  Hearing,  Geometrical  and 
Physical  Optics,  Magnetism,  Electricity  and  Galvanism,  in  aU 
their  subdivisions,  Heat,  and  Meteorolog)',  within  the  space  of  an 
ordinary  middle-sized  volume.  Of  the  manner  in  which  the 
translator  has  executed  his  task,  it  behoves  him  to  say  nothing ; 
he  has  attempted  nothing  more  than  a  plain  and  nearly  literal 
version  of  the  original.  He  cannot,  however,  conclude  this 
brief  introductory  note  without  directing  the  attention  of  his 
Readers  to  the  splendid  manner  in  which  the  Publisher  has 
illustrated  this  volume. 

B.  C.  O. 


LONDON, 
AUGUST    IB47- 
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PHYSICS  AND  METEOROLOGY. 


INTRODUCTION. 


Gefierai  Idea, — The  grand  spcctacU*  that  is  ever  present  to  our 
eyes  in  the  vast  re&hu  of  nature  excites  witliin  us  ko  ardcut  a  thirst 
for  knowiedpT,  that  we  feel  ourselves  irresistibly  impelled  to  the 
coiuidenitlon  of  the  combiued  causes  that  have  pnuluecd  these 
wondrous  results.  Such  subjects  fall  within  the  department  of 
natural  philosophy,  whose  task  it  is  to  trace  the  eoiuiecting  link 
between  the  different  phenomena  of  nature,  and,  as  far  a*  this  is 
possible,  to  unravel  the  causes  from  which  they  have  originated. 

The  combined  natural  sciences  treat  of  bodies — a  word  which  we 
must  not  rcfx'ive  in  the  limited  sense  in  which  it  is  understood 
by  the  mathematician,  who  looks  only  to  the  relations  of  space, 
difTCgarding  the  matter  that  fills  space;  while  it  is  to  the  pro|>ertie8 
of  this  very  matter  that  the  natural  philosopher  devotes  his 
cspedal  attention.  The  interior  of  bodies  is  closed  to  our  view, 
thrir  external  appearance  being  only  made  known  to  us  by  means 
of  what  we  learn  concerning  them  through  our  senses.  Tlius, 
a  body,  standing  in  no  connection  with  our  senses,  has,  so  far  as 
we  are  concerned,  no  existence ;  and  it  is  probable  that  there  ia 
still  Diueh  passing  around  us  in  nature  of  which  we  have  no 
conception,  from  the  want  of  some  additional  sense  by  M'hich  wc 
can  recognise  its  existence. 

The  province  of  the  natural  sciences  is,  therefore,  to  trace  the 
conuectinn  existing  between  the  phenonieua  brought  within  the 
icope  of  our  knowledge  by  means  of  the  senses,  and  so  to  arrange 
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iheva,  that  tbey  may  elucidate  each  other,  and  manifest  the  mutii 
dependence   existing  between   them.     If  we  are  able   to   trace 
phenomenon  in   its  connection  with  other  phenomena  we  hai 
ex]>laincd  itj    and  a  natural   law   is  obtained  as    soon    as  tl 
unchangeable   link    of  connection   existing   between    the    natunJ" 
phenomena  is  understood,  even  should  we  still  remain  ignorant  of 
the  final  cause. 

Division. — The  vast  department  of  the  natural  ftciences  dirides 
itself  into  two  great  brauclK-s — Natiu'al  Ilistoi-y  and  Natural 
Philosophy.  The  former  teaches  us  to  know  the  nature  of 
iiidividuul  objectSj  and  aiTungcs  them  in  systems  according  to 
their  ditferent  characters;  whik:  the  latter  endeavours  to  lay  open 
the  natural  laws  of  the  materitU  world. 

By  the  terra  pht/sics,  we  understand  that  branch  of  the  natuni 
sciences  which  treats  of  phenomena  which  do  not  depend  upon  a 
change  of  the  constitution  of  bodies ;  the  latter  falling  under  the 
head  of  chemistry. 

As  njay  be  readily  conceived,  it  is  not  always  easy  to  trace  with 
accuracy  the  line  of  demarcation  between  these  two  science*. 
They  are  most  intimately  connected  with  each  other,  in  some 
measure  even  forming  one  whole,  which  appears  to  have  been 
divided  chietly  owing  to  its  embracing  so  wide  and  increasing 
field  of  obaer\'ation. 

Method. — M''c  must  now  point  out  the  manner  in  which  tbi 
student  may  attain  to  a  knowledge  of  the  laws  of  natun%  and  b] 
what  means  the  facts  already  ascertained  have  been  aequii'cd.  Tl 
sources  of  knowledge,  as  well  as  the  methods  of  acquiring  it, 
not  and  cannot  be  the  same  for  all  sciences.  The  mathematicii 
may,  starting  from  his  own  self-acquired  conceptions,  develop 
science  wholly  out  of  himself;  and  we  might  even  conceive  tl 
possibility  of  a  man  shut  up  within  four  walls,  and  se|)arated  fr 
all  communication  with  the  outer  world,  constructing  the  whol 
science  of  mathematics  from  his  own  ideas  of  space  and  number.^ 


*  pVc  find  the  tftme  idcA  expressed  in  nf^arly  the  Mine  vrordi  in   Hi 
bcctutifii]  Esuy  '*  On  tlic  SUmIv  of  Natural  Pliilotophy  :" — •'  A  clever  man, 
alone,  and  allowed  unlimited  time,  might  reason  out  for  himself  nil  the  trntlw 
mathematirs  liy  procerding  from  those  simplp  notinnH  of  upace  nnd  number,  of 
he  eannul  divcxt  hlniicU'  niihoiit  rcasing  to  think.     But   ho  noiild  nc*'**'  '  ^  * 
effort  of  reasoning  what  would  Iweome  of  a  lump  of  tiigar  if  imr 
what  impreuion  would  he  produced  on  his  e^^)T  mixing  t* 
blue."  P.  76.) 
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Seen  from  this  point  of  view,  mathematics  is  a  purely  speculative 
•denee,  the  very  reverse  of  natural  philosophy,  which  treats  of 
objects  that  solely  and  alone  come  to  our  knowledge  through  tlie 
petcfptiona  of  sense  and  in  the  coume  of  experience. 

The  ancients  were  wholly  unacquainted  with  any  science  of 
natnml  investigation  that  was  based  upon  experience ;  and  hence 
their  philosophical  siwculations  upon  the  world  m  general,  and 
upon  the  rise  and  origin  of  all  material  objects,  arc  nothing  but 
confused  conjectures,  and  possessed  of  little  vsdue,  frequently, 
indeed,  standing  in  direct  opposition  to  fact  and  experience. 

Even  in  the  middle  ages  the  natural  sciences  were  not  much 
more  developed,  partly  beeauae  the  human  niiud  was  directed  in 
other  channels,  and  partly  because  the  Aristotelian  philosophy  was 
held  in  such  high  esteem  that  all  inquiries  and  progress  were  alike 
checked. 

Galileo  was  the  first  to  enter  the  path  of  practical  experiment, 
«nd  Bacon  showed  that  there  was  no  other  road  that  would  lead  to 
ft  knowledge  of  the  laws  of  nature. 

The  only  source  from  whence  we  can  draw  our  knowledge  of 
oftture  is  the  jierccption  of  the  senses, — practical  experience, — 
obserratioD.  Hence  we  derive  the  materials  which  must  be  united 
and  worked  into  a  science  by  our  mental  activity. 

Wc  derive  our  scientific  perceptions  either  from  changes  effected 
by  nature  itself,  or  we  designedly  place  bodies  in  those  conditions 
that  may  call  forth  certain  phenomena.  In  the  first  case  wc  make 
observations ;  in  the  second,  experiments. 

By  means  of  good  observations,  and  judiciously-conducted 
experimentA,  we  learn  to  know  the  external  connection  of  the 
phenomena  of  nature.  And  this  connection  is  what  we  term  a 
natural  law. 

By  the  aid  of  experiments  we  may  arrive  at  a  knowledge  of 
theae  laws,  even  while  we  remain  wholly  unacquainted  with  their 
internal  connection,  and  with  the  nature  of  forces. 

The  law  of  the  refraction  of  light  was  known  long  before  any 
correct  idea  was  formed  as  to  the  nature  of  light;  and,  in  the 
present  day,  we  know  the  laws  of  the  distribution  of  electricity, 
bat  we  have  Uttle  or  no  knowledge  concerning  the  nature  of 
electricity  itself. 

It  i»  onlv  the  external  connection  of  things  that  can  be  discovered 
by  perception ;  and  we  can  hazard  nothing  more  than  hypotheses 
as  to  the  internal  causes  of  phenomena,  or  the  origin  of  tlic  forces 
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from  which  they  are  educed.  These  hypotheses  are  like  questioni 
which  we  put  to  Nature,  but  the  answers  she  gives  are  not  simply 
"  yes"  and  "  no ;"  but  it  can  be  so,  or  it  cannot.  Nevertheless, 
from  these  hypotheses  deductions  may  generally  be  drawn  which 
can  subsequently  be  confirmed  or  refuted  by  further  obBerrations. 
In  proportion  to  the  number  of  facts  that  can  be  explained  by 
help  of  an  hypothesis,  and  the  more  we  can  confirm  it  by  new 
observationsj  the  greater  probability  does  it  acquire. 

In  all  branches  of  physics  we  shall  find  examples  of,  and  evidence 
favouring  the  correctness  of  these  views. 


SECTION  I, 


QBNERAL    PROPERTIES    OP    BODIES. 


As  PHYSICS  treat  of  bodiex,  it  is  most  essential  to  form  to 
oneself  a  representation  of  the  nuturc  of  these  bodies,  and  this 
object  is  the  most  readily  attained  by  the  consideration  of  those 
general  properties  which  we  observe  to  exist  in  all  bodies,  whatever 
other  differences  they  may  manifest. 

Tlniii,  it  is  essential  to  the  existence  of  a  body  that  it  occupy  a 
limited  space,  possess  the  property  of  extension,  and  that  no  other 
body  occupy  the  same  space  at  the  same  time ;  this  latter  condition 
indicating  the  property  of  impenetrability.  Besides  these  two 
properties,  without  which  we  can  form  no  conception  of  matter, 
we  observe  other  general  properties,  as  divisibility,  extensibility, 
compressibility,  porosity,  inertia,  and  gravity. 

Divisitilitij. — As  far  us  our  experience  goes,  we  find  that  all 
■  bodies  are  divisible ;  that  is,  they  may  be  divided  into  smaller  and 
^Btill  smaller  particles.  Here  the  question  arises : — \Miat  are  the 
limits  of  this  divisibility?  And  again: — Do  we  by  continued 
reduction  arrive  at  particles  which,  although  stdl  perceptible  to 
the  senses,  are  incapable  of  being  further  divided?  Experience 
furnishes  us  with  the  reply,  that  divisibility  continually  oversteps 
the  limits  of  Bcnsiblc  perception.  As  an  instance  of  extreme 
divisibility  wc  may  adduce  musk,  which  will  continue  year  after 
year  to  fill  an  apartment  with  the  most  intensely-penetrating  odour, 
withcmt  any  perceptible  loss  of  weight. 

Chemically,  conipound  bodies  afford  the  best  evidence  that 
divisibility  passes  the  limits  of  sensible  perception.  In  cinnabar, 
for  example,  which  is  composed  of  mercury  and  sulphur,  and  may 
easily  be  separated  into  these  C4)n8tituents,  we  are  unable  to 
distinguish  small  particles  of  sulphur  and  mercury  from  one 
another;  even  under  the  best  microscope  it  appears  to  be  a  perfectlv 
homop  mass. 
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But,  although  divisibility  extends  far  beyond  the  limits 
pcrccjjtible  to  sense,  it  mnst  not  be  asaunied  that  it  is  wholly 
uiilimttf'd  ;  for  to  adopt  such  an  assumption  were,  in  other  words, 
to  admit  that  the  size  of  the  ultiumte  unJivisible  particle  is  null, 
while  it  is  evident  thatj  if  the  ultimate  particle  have  no  extension, 
it  cannot  enter  into  the  composition  of  an  extended  body. 

It  is  upon  these  considerations  that  the  natural  philosopher 
bases  the  h)^)othesi8  that  all  bodies  arc  composed  of  minute 
particles,  which  cannot  be  further  disintegrated,  but  are  ondivisiblc, 
and  therefore  termed  atoms. 

This  fundamental  view  of  the  constitution  of  bodies  is  now 
universnlly  enibniccd  by  the  natural  philosopher,  and  the  chemist, 
tts  the  atomic  theory. 

In  speaking  of  small  particles,  without  actually  wishing  to 
designate  them  as  ultimate  portions  or  atoms,  we  generally  make 
use  of  the  term  molcculen,  which  is  synonymous  with  particles 
of  a  mass. 

E^rtrnsibility  and  Comprpssihilihj. — A  sec4>nd  general  jiroperty 
is  extensibility,  on  which  depends  compi-cssibility.  Tlie  same 
body  docs  not  always  posw^ss  a  similar  volume,  since  it  may  be 
diminished  by  pressure  and  cohl,  and  enlarged  by  expansion  and 
heat.  If,  then,  we  assume  that  the  atoms  are  invariably  the 
same,  wc  can  only  explain  extensibility  on  the  hypothesis  that  the 
atoms  arc  not  in  immediate  contiguity  with  each  other,  but  arc 
separated  by  interstices,  according  to  the  cnlai'gement  or  diminution 
of  which  the  volume  of  the  body  changes. 

Porosity. — Tlic  interstices  which  occur  between  the  different 
particles  of  bodies  are  named  pores ;  and,  if  wc  apply  the  same 
term  to  the  interstices  between  the  atoms  of  bodies,  it  is  evident, 
from  what  has  been  already  stated,  that  every  body  is  porous,  and 
that  porosity  is  therefore  a  general  property.  In  common  speech, 
however,  we  understand  by  the  term  \\ore  an  interstice  suiticicntly 
large  to  admit  of  the  passage  of  fluids  and  gases;  and,  according 
to  this  definition,  porosity  is  certainly  not  a  genei*al  property.  A 
sponge,  all  artificial  textures — chalk,  pumice,  &c. — arc  porous  in 
the  restricted  sense  of  the  word. 

Different  Nature  of  A  foms, — iVilcr  developing  the  fundamental 
idea  of  the  atomic  theory  by  the  consideration  of  divisibility  and 
extensibility,  wc  will  pass  to  the  observation  of  the  mode  in  which 
different  bodies  arc  fomu'd  from  atoms,  and  ucAt  consider  the 
remaining  common  pmpertics  of  matter. 
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We  find  that  there  nn*  in  natui'e  a  numlKT  of  bodies,  the 
piDjJcrticn  of  which  are  »o  diiferent  that  we  iiiu»t  ueceswahly  asDume 
that  the  atoms  of  which  they  arc  composed  likewise  ditfcr  in  their 
M^ire.  If,  for  in*»tance,  we  consider  sulphvir  and  lead,  wc  (\nd 
^Kt  the  relations  of  these  two  budicH  are  remarkably  diiTerent^  a 
&et  which  can  only  be  explained  by  the  hjiiothesis  that  the  atoms 
of  «ulphur  are  not  of  the  sarae  nature  as  those  of  lead. 

IVIuet  bodies  are  not  composwd  of  homogeneous  parts,  but  of 
sneli  as  differ  among  themselves,  c^'en  where  they  appear  to  be  of 
like  nature,  as  wc  mentioned  in  the  case  of  cinnabar,  which  is 
■Dmposed  of  sulphur  and  mercury ;  and  as  in  water,  which  we  find 
to  be  a  compound  of  oxygen  and  hydrogen;  and  in  common  wdt, 
which  is  composed  of  chloriue  aud  sodium.  Bodies  such  as  these 
are  said  to  be  chemical  compounds,  in  contradistinction  to  those 
which  are  not  capable  of  being  decomposed  into  different  consti- 
tuents, and  wliich  are,  therefore,  called  simple  bodies,  or  elements. 
Tlicrc  are  fifty-five  or  six  of  such  simple  bodies  or  elements, 
which  hitherto  at  least  have  not  been  found  to  admit  of  further 
dcotmposition.  The  consideration  of  these  elements,  and  of  the 
mode  in  which  they  enter  into  the  composition  of  other  bodies^ 
falls  within  the  province  of  chemistry. 

Aggregate  Contiitions. — In  addition  to  the  above  differences  of 
bodies,  wc  observe  others,  which  depend,  not  upon  a  difference 
in  their  constituent  parts,  but  upon  the  manuer  in  which  the 
particles  are  united,  llius  one  and  the  same  suhstanct^  may 
aasnme  totally  different  forms,  as  water,  which  is  solid  when  it 
appears  as  ice,  fluid  as  water,  and  piseous  as  steum.  AVithout 
changing  its  composition,  we  may  convert  water  into  ice,  and  ice 
into  water — vaporise  water,  and  again  condense  it. 

All  Ijodics  with  which  we  arc  acquainted  are  in  one  of  these 
three  conditions,  either  solid,  fluid,  or  gaseous  (aeriform). 

Solid  bodies  have,  independently  of  the  slight  changes  effected 
on  them  by  heat,  a  constant  volume  and  an  independent  form  ; 
and  it  requires  a  greater  or  lesser  amount  of  force  to  divide  a  solid 
body.  Thus  it  is  impossible  to  compress  a  piece  of  iron  to  the 
half  or  the  third  of  its  volume,  or  make  it  fill  a  space  twice  or 
three  times  as  great  as  it  occupies,  it  being  only  by  extreme  force 
that  we  arc  enabled  to  change  its  form  or  to  divide  it. 

Fluids  have,  in  the  same  sense  as  solid  bodies,  a  constant 
volume;  that  is,  although  they  may  be  slightly  compressed  by 
strong  pressure,  or  somewhat  expanded  by  the  action  of  heat,  the 
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change  of  volume  thua  induced  is  very  inconsiderable.  We  cannot 
compress  the  water  which  fills  a  quart  bottle  into  a  vessel  of  half 
the  size,  and,  if  we  pour  the  fluid  into  one  of  twice  the  bulk,  the 
vessel  will  ouly  be  half  filled.  But  Uiiids  differ  from  soUd  bodies 
in  hantig  no  independent  form,  the  figure  they  assume  being  that 
of  the  vessel  containing  them,  the  surrounding  solid  body,  while 
the  liquid  presents  a  horizontal  surface  where  it  mtersects  the 
sides  of  the  vessel.  Fluids  also  differ  essentially  from  solid  bodies 
in  the  least  imaginable  force  being  sufficient  to  separate  their 
particles. 

Gaseous  bodies  have  neither  an  independent  form  nor  a  definite 
volume ;  the  space  which  they  occupy  depending  only  upon  external 
pressure.  A  volume  of  air  may  easily  be  reduced  to  the  half,  the 
fourth,  or  even  the  tenth  of  its  original  bulk;  and,  conversely,  we 
find  that,  on  admitting  the  same  volume  of  air  into  a  vacuum 
twice,  four  times,  or  ten  times  as  large,  the  air  will  coui])lcti'ly  fill 
it,  thus  proving  that  gaseuus  bodies  have  a  tcjidency  to  expand  as 
far  as  possible.    Easy  divisibility  is  alike  common  to  gases  and  Huids. 

Tlie  external  differences  must,  according  to  our  views  of  the 
compositiou  of  bodies,  depend  upon  the  circumstance  that  in  solid 
bodies  the  individual  particles  remain  at  certain  distances  from, 
and  in  fixed  relative  positions  to,  each  other ;  in  fluids  they  remain 
at  fixed  distances,  but  may  easily  be  di8|)laced  ;  while  in  gaseous 
bodies  the  component  parts  show  a  constant  tendency  to  separate. 

Molecular  Forces. — Aa  a  force  is  necessary  to  separate  the 
particles  of  a  solid  body,  and  as  also  an  external  force  is  necessary 
to  hold  together  the  particles  of  a  gaseous  body,  it  is  clear  that 
bodies  cannot  be  formed  by  means  of  a  simple  juxtaposition  of  their 
atoms,  since  they  wduld  then  be  nothing  more  than  an  unconnected 
mass  somewhat  in  the  coiubtion  of  a  sand-heap.  There  must, 
consequently,  be  forces  which  hold  together  the  particles  of  a 
solid  body  in  their  relative  position,  imjmrtin^  to  them  a  fixed 
internal  structure  and  external  fomi ;  and  in  like  manner  there 
must  be  forces  which  act  repulsively  amongst  the  particles  of  a  gas. 
These  forces,  which  are  continuously  acting  between  the  adjacent 
molecules  of  bodies,  are  termed  niolectilar  forces.  The  force  which 
holds  together  the  particles  of  a  solid  body  is  termed  the  force  of 
cohesion,  which  we  assume  to  be  called  forth  by  a  mutual 
attraction  of  the  atoms.  Now,  if  atoms  mutually  attract  each 
other,  it  is  not  easy  to  understand  how  these  can  also  mutually 
repel  each  other,  and,  therefoiT,  in  order  to  explain  this  repulsion 
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;(1  m  §rM««,  wc  assume  that  thcrf  la  another  and  an 
Opposite  force,  which  wc  term  the  forct;  of  expansion. 
Solid  bodies  may  be  melted  by  heat ;  that  is,  they  may  be 
mafonned  into  a  fluid  condition  ;  and  through  the  same  apency 
lids  may  be  reduced  to  the  state  of  vapour;  it  follows^  therefore, 
that  heat  is  opposed  to  the  force  of  cohesion,  and  hence  we  may 
a^tmnxe  it  to  be  identical  witli  the  force  of  expansion.  Let  us 
9upp«isc  the  molecules  of  a  body  to  he  surrotinded  by  an  atmosphere 
of  heat  which  modifies  the  attraction  of  the  molecules,  and  we  shall 
then  understand  liow  the  attractive  and  the  repulsive  forces  proceed 
from  one  common  centre.  The  pre|>onderanec  of  the  expansive  or 
of  the  repulaive  force  will  determine  whether  a  b*xly  be  solid  or 
^eons,  whOe  an  equilibrium  of  both  forces  charucten^es  a 
fluid. 

Ina-fia. — Throughout  the  whole  kingdom  of  nature  no  change 
in  the  condition  of  things  can  occur  without  a  special  cause. 
Thus  whatever  change  may  occur  in  a  body,  whether  it  be  relating 
to  rest  or  to  motion,  or  to  a  change  in  its  aggregate  condition, 
must  be  occasioned  by  some  force.  If  a  body  be  at  rest,  a  force 
i«  necessary  to  put  it  into  motion,  and,  conversely,  it  cannot  be 
reduced  to  a  tstate  of  rest  from  motion  without  the  agency  of  some 
force,  for  a  Innly  once  put  into  motion,  will  contiime  that  motion 
with  unchanging  velocity,  in  an  unchanging  direction,  until  its 
course  be  arrested  by  external  impediments.  This  property  of  a 
body  we  term  inertia. 

We  find  numerous  examples  in  every-day  life  elucidating  this 
law  of  inertia.  Thus  the  wheel  of  an  engine  continues  to  pursue 
its  course  after  the  force  which  impelled  it  has  been  arrested,  and 
it  would  continue  to  ran  on  for  ever  if  tlie  motion  were  not 
constantly  impeded  by  friction. 

In  nnining  fast  the  speed  cannot  suddenly  be  checked.  A  man 
standing  upright  in  a  hont  will  fall  backwards  when  the  boat  is 
pushed  from  the  shore,  and  will  be  urged  forward  as  the  boat 
touches  the  land.  We  shall  .Mubswiueutly  have  frequent  opportu- 
nities of  alluding  to  the  influence  of  the  law  of  inertia  upon  many 
cnomcna  of  motion.  According  to  the  law  of  inertia,  a  body 
Uflt  exercise  a  resistance  against  every  force  which  removes  it 
firom  a  condition  of  rent  to  one  (»f  motion ;  or  which  hastens, 
implies,  or  tries  wholly  to  arrest  it  when  in  motion.  It  i.s, 
therefore,  clear,  that  the  action  exercised  upon  the  condition  of 
motion  of  a  body  must  depend  on  the  one  hand  upon  the  intensity 
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of  the  force,  and  on  the  other  upon  the  degree  of  inertia  in  the 
body. 

Tlie  larger  the  quantity  of  matter — that  is  to  say,  the  greater 
the  mass  is  on  which  a  force  acts — so  much  the  greater  wiU  be  the 
resistance  it  offers ;  and  we  judge  of  the  nmss  of  a  body  by  the 
amount  of  reniatance  which  it  can  oppose  by  its  inertia  to  an 
accelerating  or  retarding  force.  This  idea  of  inertia  and  matsa 
cannot  be  rendered  very  clear  until  we  have  occupied  ourselves^ 
somewhat  with  the  study  of  the  laws  of  gravity  and  motion. 

Grumty. — If  we  remove  a  piece  of  stone  or  wood  from  the 
ground  and  throw  it  from  our  hands  it  will,  when  left  to  itself, 
fall  until  it  reaches  the  earth,  or  meets  with  any  object  to  arrest 
its  course.  As  matter  is  inert,  it  cannot  of  itself  pass  from  a 
state  of  rest  into  one  of  motion.  If,  then,  we  see  that  a  body  in 
rest  begins  to  move  at  the  same  moment  that  wc  deprive  it  of  its 
support,  we  must  ascribe  this  to  a  force,  and  to  this  force  we 
apply  the  term  gravity. 

Gra\'ity  ia,  therefore,  the  force  which  compels  bodies  to  fall. 
We  must  not,  however,  suppose  that  its  power  is  limited  to  this 
action,  for  wc  shall  soon  sec  that  gravity  produces  other  pheno- 
mena, and  other  motiona.  The  direction  of  rivers  which  flow  into 
the  sea,  the  rising  of  a  piece  of  cork  from  the  bottom  of  the  water 
to  the  surface,  the  ascent  of  the  air-balloon,  are  all  the  effects  of 
this  force. 

There  is  no  better  means  of  ascertaining  the  direction  of  the 
force  of  gravity  tlian  the  following : — Fasten  a  string  at  one 
extremity,  and  attach  a  small  heavy  weight  at  its  other  extremity, 
the  direction  of  the  thread,  when  it  is  tense  and  at  rest,  will 
riG.  i.dctermine  with  accuracy  the  direction  of  gravity.  This  little 
instrument  is  called  n  plummet,  and  the  line  which  the  thread 
forms  in  a  state  of  equilibrium  is  the  vertical.  Tlie  direction 
of  gravitation  is  therefore  identical  with  that  of  tho  plummet, 
and  nothing  can  be  easier  than  at  all  times,  and  in  all  places, 
to  ascertain  this  direction  of  graWtatiou.  As  we  shall  see 
when  we  treat  of  hydrostatics,  the  upper  surface  of  c%'ery  fluid  at 
^  rest  must  be  at  right  angles  with  the  direction  of  gravitation, 
or  we  may  express  the  same  thing  differently  by  saying  that 
the  direction  of  gravitation  is  always  at  right  angles  with  the 
earth's  surface.  Here,  as  may  easily  be  sup|H}8cd,  we  do  not 
speak  of  the  true  surface  of  the  earth  with  its  hills  and  valleys,  but 
of  an  ideal  surface,  of  which  we  must  form  a  conception  in  the 
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lert — If  we  assume  that  thf  Atlantu*  Ocean,  the 

and  all  other  seas,  were  for  a  moment  perfectly  ot 

rest,  then  their  vaat  superficies  would  form  a  part  of  a  spherical 

mihcc ;  and  if,  further,  we  assume  that  the  different  parts  of  this 

ICC  were  spread  under  the  surface  of  the  land,  still  retaining 

cumiturc,  they  would  form  a  B])hcrieal  surface  without  hills 

valleys.     This  partly   ima^inarj'   and  partly  actual   surface  is 

rhnt  we  term  the  level  of  tlic  sea — the  horizontal  line.     When, 

irrrforc,  we  say  that  Mont  Blanc  is  14,690  feet  above  the  level 

tBc  sea,  we  mean  that  a  perpendicular  dropped  from  the  summit 

the  mountain  must  measure  1 1,600  feet  in  order  to  reach  this 

[c«J    surface.     In  Holland   there  are  whole  districts  below  the 

trfacc  of  the  sea ;  that  is  to  say,  this  imaginary  level   is  at  an 

^leiatiou  almve  the  heads  of  the  inhabitants. 

The  force  of  granty  is  always  directed  towards  the  central  point 
'of  the  earth,  as  we  perceive  from  what  has  been  already  stated. 
[The  directions  of  the  plummet  at  two  different  parts  of  the  earth 
ire,  consequently,  not  parallel,  for  they  make  a  certain  angle 
[irith  each  other,  the  point  of  which  coincides  with  the  central 
>int  of  the  earth.  Berlin  and  the  Cape  of  Good  Hope  arc  two 
places  lying  in  nearly  the  same  meridian  line.  Berlin  is  52°  31'  13" 
^_  north  of  the  equator,  and  the  Cape  of  Good  Hope  33*^  55'  15" 
^■•outh  of  the  same  line;  and  if  we  draw  two  lines  towards  the 
^Hcentml  point  of  the  earth,  the  one  from  Berlin  and  the  other  from 
^^the  Cape,  we  find  that  they  make  jui  angle  of  86"  26'  28",  being 
^Hllic  angle  which  the  plummet  at  Berlin  makes  with  the  plummet  at 
if^^lhe  Cape.  If  the  experiments  be  made  at  two  points  lying  within 
the  circiunscribed  space  of  an  apartment,  or  even  nt  the  extreme 
ids  of  a  city,  no  dc\aation  in  the  direction  of  the  plummet  will 
perceived  ;  the  reason  of  which  is,  that  the  central  point  of  the 
"th  (tbc  focus  towards  which  the  two  lines  incline)  is  distant 
rrom  the  surface  of  the  earth  more  than  six  miUions  of  metres* 
(the  radius  of  the  earth).  Now,  as  200  metres  scarcely  compose 
^Ihe  30,000th  part  of  the  earth's  radius,  it  follows  that  two 
plummets  placed  at  the  distance  of  200  metres  fron»  each  other 
jvould  fonn  an  angle  of  about  6.3  seconds.  If  the  places  at  which 
I  the  experiment  is  attempted  were  less  removed  from  each  other  the 
^anglc  would  cease  to  be  appreciable. 

If  a  body  be  impeded  in  its  fall  by  the  intcr\'cntion  of  some 
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other  supporting  body,  the  action  of  the  force  of  gi-avity  do«» 
not  cease,  but  manifests  itself  iu  this  case  by  pressure  upon  the 
intervening  object. 

Gravity  is  a  general  property  of  bodies;  that  is,  it  is  common 
to  iluids  and  gases,  as  well  as  to  solid  bodies.  The  falling  of 
the  rain  drop  proves  the  gravity  of  fluids,  and  we  shall  subsc- 
quently  adduce  instances  of  the  gravity  possessed  by  gaseous 
bodies,  and  consequently  show  that  the  whole  atmosphere  sur- 
rounding our  globe  presses  upon  the  earth's  surface. 

Weight. — The  amount  of  pressure  exercised  by  a  body  upon 
another  body  upon  which  it  rests  is  called  its  weight,  this  pressure 
increases  with  the  number  of  material  particles  of  the  body. 
In  order  to  compare  the  weight  of  ditfereut  bodies,  we  make  use  of 
the  balance,  the  application  of  which  is  familiar  to  all,  and  its 
arrangement  we  shall  describe  subsequently. 

lu  France  the  gramme  is  thu  legal  unit  of  weight,  and 
at  the  present  day  it  is  received  almost  universally  as  the  unit 
measure  in  scientific  researches.  The  gramme  is  the  weight  of 
a  cubic  centimetre  of  pure  water  in  its  state  of  greatest  density. 
The  French  system  of  weights  has  this  great  advantage  over 
others,  that  the  units  of  weight  and  measure  stand  in  a 
simple  relation  to  each  other,  so  that  it  \&  eaiiy  to  judge  of  the 
weight  of  a  body  by  its  size,  and  vice  versd** 

*  A  Measure  can  only  be  considered  n&  uu&lt«rab1y  fixed  when  it  lias  Iteen  derired 
from  some  iindovialin^  size  or  space  in  nature,  lu  U  the  ca»e  with  the  French  system 
irf  iDMiaurcs.  Thii«  any  ccrtniuty  other  ft>stcnis  now  possess  bfu  been  derived  from  ■ 
coiupariftoii  with  the  system  ciiihlUbciI  in  France. 

Tlic  iuide\iatiug  lenglh  which  bus  become  the  standard  fnr  this  system  it  the  earth's 
meriduu — t!mt  is,  the  circumference  of  a  large  circle  of  the  globe,  ]>a!ising  through 
both  i«!e9.     The  forty  millionth  part  of  tliis  liue  is  a  metre. 

Tlie  length  nf  a  meridian  of  the  earth  was  attcertaincd  by  a  series  of  the  most 
careful  I  y-cond  acted  measurements,  and  for  this  pnrjHise  the  old  French  unit  of 
measure  —  the  toise  —  was  used  for  a  basis  j  it  was  in  this  way  accurately 
delenuincd  bow  many  of  these  toi»es  were  contained  in  the  earth's  meridian, 
and  cottsctiuctilly  what  was  the  exact  lenglh  of  ilie  toisc.  As,  however,  it  w*a 
resolved  that  an  entirely  new  system  of  mcwurps  should  tie  estahhshed,  the  forty 
millionlh  |mrt  of  the  earth's  mcndian,  exprpssed  in  toiscs,  was  taken  as  the  new  unit 
of  lengtli — in  short,  the  relation  of  the  metre  to  the  toisc  was  then  accurately 
determined. 

As  in  the  present  day  the  French  system  nf  measures  is  referrrd  to  in  almost  ail 
sdcntitic  works,  we  deem  it  desirable  to  give  a  table  of  the  relations  of  foreign  and 
English  weight*  to  those  eilubUsbed  in  the  Preach  system,  giriug  by  way  of 
inlrorliidion,  a  few  facts  referring  thereto. 

The  metre  is  divided  into  10  decimetres.  100  centimetres,  and  1.000  nuUemetres. 
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Man, — According   tu   the  nbovi*   explanntion,   thr   maas   of  u 

[boily  i«  tbe  quatitity  of  nmttcr  of  which  it  is  coniiKn*cd ;  immI  mi 

qiiaiittty    dcpt-uil»  it»   inertia;  cititsL-queutly,  the  umotint  of 

inertia  gives  the  actual  mr-asure  of  the  mass,  and  here  ^i;ravity 

lifthcd  as  with  the  tx>8t  means  of  ascertaining  the  quantity  we 

The  mass  of  a  body  is  always  proportiona]  to  its  weight.  Thia 
connection  between  the  two  is  everywhere  demonstrable  by 
kCTperimentj  although  we  may  readily  conceive  it  to  be  not  a 
[necessary  result.  For,  let  it  be  assumed  that  there  are  bodies 
;in  nature  on  which  graWty  exercises  no  power,  on  this  account 
they  will  not,  thcrcforCj  the  less  continue  to  possess  inertia; 
further  let  it  be  assumed  that  the  force  of  gravity  acts  unequally 
upon    the   ]mrticlca   of  difiTcrent   subatanceaj   ami  that  a  ball   of 
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The  fisUowing  tlugrara  reprtMnt%  &  decimetre,  with  ita  subdirinoos,  m  accurateljr  u 
we  can  represent  them  : — 


1  2  a  4  ^  (i  .  '.'  n> 

The  rrlatipn  of  the  most  important  measures  of  lengtli  t^  the  metre  arc  given  in 
ic  foHowtnK  table; — 

I  Eiigluh  fnot =30^,79  milUmctrei. 

1  Rheni»h  or  Pniuian  foot =  313,80         „ 

1  Vienna  fiwL =  31(i.lO  „ 

1  Piiriifoot =  321.84 

I  Toisc  =  6  French  feet  ........■=   1,94904   metres. 

[  German  or  gengrap1ii(7«l  mile        .....     =s        7107        ., 

1  English  nautical  mile  =  1  Italian  mflc  .  .  «  1852  „ 
The  mea^mtA  for  solid  and  flnid  bodies  and  tlic  wdghtn  art-  all  derived  from  the 
neuure  of  length  in  thi*  French  flvslem.  Thus  the  unit  nf  ihr  fluiil  mea^nre  is  the 
litre  =  1,000  cubic  centimeires.  A  cubic  centimetre  of  water  weighs  I  gramme  (or 
15,44  grain)  troy) ;  1,000  grammea  make  1  kilogramme;  1  litre  of  water,  therefore, 
weiglu  1  kilogramme. 

One  gramme  U  eqiul  tu  10  decigrammes  ^  100  ccniigrammea  =  1,000  raiUi. 
grammes. 

Tbe  pound  weight  differs  comidcrahljr  in  different  countries,  but  it  may  on  an 
svemge  be  said  to  corrcai>ond  pretty  nearly  with  the  half  kilogramme.  The  Bode n 
and  Tlesae  pound  \%  exactly  thia  weight,  as  the  Hystctn  of  meastiret  adopted  in  these 
eountriea  haa  been  derived  from  the  French.  Thia  pound  of  500  grammea  is  the 
•tandanl  meaiure  lued  in  the  German  ZoUvereln,  or  general  customs. 
1  LoniU>n  pound  (troy  weight)  .  =3  373,202  grmes. 
I  Vienna  pound  (trade  weight)      .     =  572,880      „ 

I  Old  French  iwiind =  489,500      „ 

1  PniMian  ^wund  .     .  .     .     .     =   407,711       ,1 

tyXc  -Ci^j^  if^-fiiA.  CcC4<^>^   j^x^^--* 
-^ ^       • i 
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lead  iis  only  heavier  than  a  ball  of  wood  of  equal  size  because 
gravitation  acts  more  eppecially  upon  the  par1iclc«  of  the  lead^ 
without,  on  that  account,  the  mass  of  the  leaden  ball  being 
greater  than  that  of  the  wooden  ball.  Again,  to  make  the  subject 
clearer,  let  us  suppose  two  equally  large  balls,  one  of  lead,  the 
other  of  wood,  and  let  us  assume  that  the  mass  or  amount  of 
inertia  be  the  same  in  both,  it  clearly  follows  that  in  this  case  the  ' 
leaden  ball  would  fall  with  the  greater  velocity,  for  we  know  that  ■ 
it  weighs  some  twelve  times  more  than  the  wooden  ball,  and 
that,  consequently,  the  force  which  iu^pels  the  former  is  twelve 
times  as  great  as  that  which  acts  upon  the  latter,  and  would, 
therefore,  induce  greater  velocity  if  equal  resistance  were  opposed 
to  both  balls.  We  tind,  however,  that  the  leaden  bull  falls  no 
faster  than  the  wooden  one,  at  least  hi  vacuo,  and  hence  we  see 
that  the  force  which  im]>el8  the  former,  although  twelve  times  as 
great,  acts  against  a  body  possessing  twelve  times  the  inertia 
of  wood.  And,  as  wc  find  that  the  rapidity  with  which  all 
bodies  fall  in  vacuo  is  equal,  we  conclude,  on  the  same  grounds, 
that  the  mass  of  a  body  is  always  proportionate  to  its  weight, 
and  that,  therefore,  the  weight  of  a  body  is  a  measure  of  its 
mass. 

Densiiy. — The  density  of  a  body  is  the  relation  of  its  weight 
to  its  volume,  and  thus  conveys  the  idea  of  specific  gravity  which 
is  a  constant  charactei'istic  property  of  eveiy  substance.  As  it 
was  necessary  to  choose  one  body  in  particular  as  the  unit 
of  density,  to  which  all  others  might  be  compared,  water  in 
its  condition  of  greatest  density  hivs  been  made  choice  of  for  this 
purpose.  The  density,  or  specific  gravity,  of  a  body  is,  therefiMPC, 
the  mmiber  which  indicates  how  nmch  heavier  a  body  is  than  an 
equal  volume  of  water.  A  cubic  centimetre  of  iron  weighs  7.8,  a 
cubic  centimetre  of  gold  19.258  grammes,  while  an  equal  volume 
of  water  weighs  only  one  gramme ;  therefore  7.8  is  the  specific 
weight  of  iron,  and  19.258  that  of  gold.  Hence  to  find  the 
specific  gravity  of  a  body,  we  di\*ide  its  absolute  weight  by  the 
weight  of  an  equal  volume  of  the  water. 

Thus  the  data  necessary  to  determine  the  specific  gravity  of 
a  body  are  ita  absolute  weight  by  the  weight  of  an  equal  volume 
of  water. 

These  data  are  most  readily  obtained  for  fiuids.  If  we  take 
n  narrow-necketl  vessel  and  fill  it  up  to  a  certain  marked  line 
on    the   neck,  fti'st   with  water,  and    then    with    the   fluid  to  be 
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lined,  and  weigh  it  cncb  time  Id  a  balance,  wc  obtain 
the  relative  weight  of  the  two  fluids.  Tliua,  if  wc  \vi»b  to 
Mcertain  the  speciiic  gravity  of  oil  of  vitriol,  wc  must  first 
place  the  empty  bottle  on  one  scale  and  counterbalance  it,  then 
fill  it  to  the  gmduutitd  linn  with  water.  If  wc  assume  that 
the  bottle  contain  exactly  one  litre,  that  in  1000  cubic  centinirtre>», 
le  water  wUl  weigh  exactly  1000  grammes.  If,  now,  wc  (ill  the 
»ttle  to  the  same  point  with  oil  of  vitriol,  it  will  require  18-18 
»es  to  make  the  balance  even.  Since  the  oil  of  vitriol  in 
flask  weighs  1848  grammes,  while  an  equal  volume  of  water 
only  1000  grammea,  the  speciHc  gra%ity  of  the  former  is 


=  1.&48. 

Owing  to  the  difficulty  of  always  obtaining  sufficiently  large 
quantities  of  the  fluids  to  l)e  weighed  in   so  capacious  a  veasel, 
and  the  damage  to  a  tine  balance  in  supporting  such  heavy  maanes, 
it  is  more  expedient  to   make  use  of  smaller 
vessels.      The    fonn    commonly    employed    is 
represented    in    Fig.   3.     This    vessel   is   made 
to  contain   from  eight   to   twenty  cubic  centi- 
metres, and  has  a  ground  glass  stopper  made 
of  a  part  of  a  thermometer  tube,  in  order  to 
iidmit  of  the  rising  of  portions  of  the  fluid 
in    case    of    expansion    by    heat    through    the 
sh  ji<lrr  upciun^'  without  the  stopper  being  raised,  or  the  bottle 

buTBt. 

In  order  to  determine  the  specific  gravity  of  solid  substances  we 
must  form  from  them  a  body  of  regular  shape,  as  a  cube  or  sphere, 
in  order  to  estimate  the  more  readily  its  cubic  eoutcnts.     The 

P absolute  weight  of  such  bodies  is  found  by  the  balance,  and  the 
weight  of  an  equal  volume  of  water  is  given  by  the  known  volume 
of  the  body.  If  a  cube  of  marble  weigh,  for  instance,  21.6 
grammes,  and  each  ofits  sides  be  two  centimetres,  its  cubic  contents 
will  be  eight  cubic  centimetres  ;  a  cube  of  water  of  like  size  will 
thus  weigh  eight  grammes ;  and,  consequently,  the  specific  gravity  of 

21.6 
the  marble  is  to  that  of  water  as  — r^^  =  2.7. 

8 

tTake  a  sphere  of  dried  beech  wood  weighing  25.79  grammes, 
nd,  supposing  its  diameter  to  be  four  centimetres,  we  may  easily 
ompute  its  cubic  contents,  which  wc  shall  find  to  be  33.49 
ubic  centimetres.     A  sphere  of  water  of  equal  size  will,  therefore, 
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weigh  33.49  grammes,  and  the  specific  gravity  of  the  wood  it 


therefore, 


26.79 


=  0.77. 


33.49 

As,  however,  it  is  not  always  possible  to  obtain  such  large 
quantities  of  substances,  and  it  is  sometimes  impmctieable  to 
form  bodies  of  the  regularity  of  tif;ure  Decessary,  other  methods 
must  be  resorted  to  for  ascertiiining  the  specific  gravity ;  and  the 
majority  of  these  depend  upon  hydrostatic  laws,  the  consideration 
of  which  we  must  postpone  to  a  subsequent  period.  The  following 
method,  however,  is  not  grounded  upon  these  principles,  and  is 
often  made  use  of  to  abcertain  the  specific  gravity  of  such  bodies 
as  can  only  be  obtained  in  sniull  portions, 

•  AVe  first  fiJl  the  vessel  (Fig.  3)  with  water,  and  bring  it  into 
equilibrium  in  the  balance,  then  lay  the  granules  beside  it,  and 
ascertain  the  absolute  weight.  Thia  done,  we  remove  both  from 
the  scale,  and,  throwing  the  granules  into  the  water  in  the  bottle, 
again  insert  the  stopper.  A  quantity  of  water  will  then  escape, 
equal  in  bulk  to  the  granules  .wkieh  have  displaced  it.  On 
weighing  a  second  time,  we  '«tta*tt'\he  quantity  of  water  that 
has  been  displaced;  or,  in  other  words,  the  weight  of  a  volume 
of  water  equal  to  the  volume  of  the  granules. 

By  way  of  illustration,  let  us  detenuine  the  specific  gravity  of 
platinum  granules  as  they  occur  in  nature : — 


I 


i 


The  glass  vessel  with  water  weighs     .     .     13.52    grma. 
The  granules 4.056    „ 

Both  together 17.576     „ 

If,  after  throwing  the  granules  into  the  bottle,  putting  the 
stopper  on,  and  weighing  the  whole  together,  we  find  it  to 
be  17.316  grammes,  the  weight  of  the  water  forced  out  by  the 
granules  must  be   17.576 — 17.316  =0.26  gi-am. ;  consequently 

the  specific  gravity  of  the  granules  is    '        =  15.6. 

U.(*t) 

The  same  method  may  be  pursued  with  larger  portions  of  bodies 
if  a  suitable  vessel  be  chosen  for  the  experiment. 

If  the  body  to  be  weighed  be  soluble  in  water,  some  fluid  must 
be  chosen,  as  alcohol,  oil  of  turpentine,  or  some  other  in  which 
the  body  does  not  dissolve.  By  the  ubove-deseribed  process,  we 
find  how  much  s  certain  quantity  of  the  fiuid  weighs  which  has 
the  same  volume  with  the  body  to  be  weighed,  and,  when  once 
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the  specific  gravity  of  the  fluid  ia  known^  it  ia  easy  to  ascertain  the 
veig^t  of  an  eqnal  volume  of  water. 

Let  it  be  assumed  that  a  piece  of  salt  which  is  insoluble  in  oil  of 
turpentine  weigh  0.352  gram.,  and  displaces  when  put  into  the 
glass  0.13  gram,  of  oil  of  turpentine.  The  specific  gravity  of  this 
flnid  ia  0.8725 ;  an  equal  volume  of  water  will  therefore  weigh 

=  0.149,  and  the  specific  gravity  of  the  salt  is^  thereforej 
^^-286 
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SECTION    IL 

SQDILIBRIUM    OF    FORCES. 

CHAPTER  I. 


EQITILIBRIUM    AND    DECOMPOSITION    OF    FORCES    IN    THE    80 
CALLED    SIMPLE    MACHINES. 

A  BODY  is  in  a  state  of  equilibrium  when  all  the  forces  acting 
upon  it  counteract  each  other,  or  when  their  action  is  prevented 
by  any  resistance.  In  a  body  suspended  by  a  thread,  the  action  of 
gravity  is  destroyed  by  the  resistance  of  the  thread.  If  the  thread 
be  not  strong  enough,  it  will  hrcakj  and  the  body  will  fall  to  thefl 
ground.  A  body  may  often  be  in  equilibrium  without  Itaving  any 
fixed  point  of  support,  and  without  any  apparent  resistance.  The 
fish  may  be  in  a  stale  of  equilibrium  iu  the  water,  and  the  ballooa 
in  the  air,  but  here  the  gravity  is  counteracted  by  a  pressure,  of 
which  we  shall  further  speak. 

It  may  be  said  that  all  bodies  which  appear  to  be  in  a  state  of 
rest  are  acted  upon  by  many  mutually  counteracting  forces.  It' 
falls  to  the  department  of  statics  to  ascertain  the  conditions  of 
equilibrium,  while  the  subject  of  dynamics,  on  the  other  hand, 
investigates  the  laws  of  the  motions  which  result  when  the 
conditions  requisite  for  the  establishment  of  equilibrium  are  not 
satisticd. 

In  order  to  measure  forces  we  must  assume  some  arbitrary  force 
as  unity. 

Two  forces  are  equal  when,  in  acting  upon  one  point  from 
opposite  directions,  they  remain  in  equihbrivun.  Two  equal  forces 
acting  in  the  same  direction  are  equal  to  a  double  force.  We  should 
have  a  triple  force  if  three  equal  forces  acted  in  the  same  direction, 
and  so  on. 
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Whatever  be  Ihc  nunil>er  of  forces  acting  upon  cue  point,  and 
wfcotcrer  their  direction  niuy  be,  they  can  only  imjiart  one  single 
Boremeat  iu  one  definite  direction.  Heuce  wc  assume  that  there 
It  I  force  which  h  capable  in  it^lf  of  producing  the  same  action  as 
thoc  combined  force*,  and  con»wjuently  of  replacing  them.  This 
U  tenucsl  the  resultant.  For  example,  when  a  nhip  in  impelled  by 
4pinbiiied  action  of  the  stream,  the  rudder,  and  the  wind,  it 
in  a  definite  direction  ;  but  if  the  actions  of  the  stream, 
redder,  and  wind  were  to  cease,  we  could  evidently  impart  the 
^ame  motion  to  the  vessel  by  attaching  to  it  a  rope  or  line  by 
which  a  definite  force  might  be  made  to  bear  in  the  direction 
towards  which  the  ship  was  impelled  by  the  simnltaneoust  action 
of  the  three  forces.  This,  then,  is  the  resultant  of  the  three 
forces. 

The  combination  of  forces  which  act  together  upon  one  point,  we 
term  a  system  of  forces,  or,  when  speaking  of  them  in  reference  to 
the  resultant,  we  call  them  component  or  lateral  forces.  It  is 
evident  that,  if  wc  were  to  add  to  the  combined  system  of  forces  a 
new  force,  equal  and  opposed  to  the  resultant,  all  the  forces  acting 
in  concert  must  retain  their  equilibrium.  If,  for  example,  to 
abide  by  our  former  illustration,  we  had  caused  a  force  to  act  upon 
the  line  of  tlie  vessel  which  was  equal,  but  opposed,  to  the 
reMuItant  force  of  the  stream,  rudder,  and  wind,  the  newly-applied 
force  would  induce  a  state  of  equilibrium,  and  the  ship  would 
remain  at  rest  just  as  if  it  were  lying  at  anchor. 

If  two  or  liiore  forces  act  in  the  same  direction  their  resultant  is 
the  sum  of  the  separate  forces.  When  two  forces  act  in  opposite 
directions  npon  one  point,  the  resultant  is  equal  to  the  difference  of 
the  two,  and  will  act  iu  the  direction  of  the  gieater. 

If  the  directions  of  two  forces  acting  upon  a  material  point 
make  an  angle  with  each  other,  we  find  the  resultant  by  means 
of  a  law  known  under  the  name  of  the  parallelogram  of  forces, 
and  established  by  means  of  the  following  simple  considera- 
tion : — 

Suppose  two  forces  acting  simultaneously  on 
the  point  «,  one  in  the  direction  a  x,  the 
other  in  the  direction  a  y.  Let  one  force  be 
>-  such  that  in  a  given  time — say  a  second — it 
will  by  itself  move  the  point  from  a  to  b,  while  the  other  force 
will,  in  the  same  period  of  time,  move  it  by  itself  from  ^  to  c.     1/ 

c  2 
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now  the  point  be  exitosecl  for  a  second  t(»  the  Bimultaneous  action 
of  both  forces,  the  etfect  is  evidently  the  »arae  aa  if  the  point  were 
subjected  for  one  second  to  the  sole  action  of  the  one,  and  the  next 
Bccotid  to  the  sole  action  of  the  other  force.  The  tirst  force  alone 
ini[>elH  the  point  from  a  to  6  iu  one  second ;  and  if  the  action  of 
this  force  were  to  cease  at  the  instant  the  point  reaches  b,  and  the 
point  be  then  solely  subjected  to  the  action  of  the  second  force,  it 
would,  at  the  close  of  another  second,  reach  r.  Hence,  if  both 
forces  act  simultaneously,  the  point  a  must,  in  the  course  of  a 
second,  reach  the  same  point  r. 

An  illustration  will  make  this  more  evident.     A  ship  acted  upon 

no.  5. 
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simultaneously  by  two  forces,  the  stream  and  wind,  starts  from 
the  point  A  on  the  side  of  a  river.  Let  us  assume  that  the  vessel 
will  be  urged  oblique!}'  across  the  river  by  the  action  of  the  wind 
alone,  in  a  detiuitc  time,  say  a  quarter  of  an  hour,  going  from  A 
to  Bj  and  assume  it  to  be  home  during  the  same  period  of  time  by 
the  force  of  the  stream  ulone;  if  there  were  no  wind  from  A  to  C, 
then  it  would  in  the  same  period  of  time  go  from  A  to  D,  if  both 
wind  and  stream  acted  simultaneously,  that  is,  it  must  reach  the 
point  D  in  a  quarter  of  an  hour,  when  impelled  by  the  simulta- 
neous action  of  the  two  forces,  aa  it  would  have  gone  from  A  to  B  fl 
in  a  quarter  of  an  hour,  if  acted  upon  acjlely  by  the  wind,  and  ' 
from  B  to  D  during  the  next  quarter  of  an  hour  when  impelled 
only  by  the  stream. 

The   line   a    r    (Fig.    6)  is  the  diagonal  _ 
' '  of  the  parallelogram   a  b  r  c,    which   by  I 

means  of  the  law  we  have  mentioned  may 
,  ..  be  thus  expressed, 
resultant  of  two  forctrs  which  simultaneously   act  at  any 
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upon  a  material  point  is  such  aa  to  tend  to  move  the  ]}oint 

ragh  tlie  diagonal  of  the  paruUelogram,  which  we  may  construct 

the  lines  corresponding  to  each  of  the  component  or  laternl 

the  line  which   a   body   passea   over  in   a    given   time   is 

ouate  to  the  force  which  impels  it,  and  as  in  determining 

tant   we  only  endeavour  to  find  its  direction  and  relations 

of  size  to  both  component  forces,  the  law  may  be  thus  expressed  : 

— •'  If  two  lines  be  drawn  in  the  direction  of  two   forces,  and 

agh  their  point  of  contact  and  their  length[tg  be  proportionate 

the  respective  forces,  the  diagonal  of  the  parallelogram  which  is 

rrained  by  these  two  lines  will  represent  the  resultant  both  in 

ttflgiutude  and  direction/' 

Ai  a  atate  of  equilibrium   must  be  established  between  three 

rces,  if  each  be  equal  and  opposed  to  the  resultant  of  the  other 

,  we  may  easily,  by   means   of  an  experiment   |>crtaining  to 

ics,   test  the  correctness  of  the  law  of  the  parallelogram  of 

rces. 

To  the  leaf  of  a  table  there  are  attached  two  vertical  rods,  each 

„Q,  7,  of  which    has   a    moveable    slide 

bearing  a  pulley  that  turns  easily 

npon  its  axis  in  a  vertical  plane. 

The  rods  must  be  so  screwed  on 

that    the    vertical    planes  of  both 

pulleys  coincide.     If  now  we  have 

a  line  over  the  pulleys,  attaching 

at   one   end   a  weight   fl,  at   the 

other  end  a  weight  c,  and  lastly, 

a  wcif^ht  b  between  the    pulleys, 

the  whole  will  be  in  a  state  of  equilibrium  in  any  deiinitc  position 

of  the  threads ;  wc  have  three  forces  acting  upon  the  point  o  in  the 

directions  o  p,  o  q,  an<l  o  r,  and  it  is  easy  to  ascertain  whether 

those  relations   between  the  amount  and  direction  of  the  forces 

y  exist,  such  as  the  law  of  the  parallelogram  of  forces  requires. 

Supposing  by  way  of  illustration,  that  o  =  2  and  c  =  3  ounces, 

how    great  must  be  the  force  at  b  li'  the  angle  ;*  o  ^  be   75"? 

According  to  the  above  law  the  resultant  may  easily  be  obtained, 

by  construction,  as  in  Fig.  8. 

^       If  the  angle  r  s  i  measure  75°,  and  r  *   =  2  and  «  ^  =  3 

^^(some   unit    being    assumed),     we     shall    find    that    the    dia- 

^^HaJ  s  /J  =  4.     Thus,  if  the  angle  p  o  q  =  75",    the  weight 

&. : : 
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must   be  equal  to   4  ounces;   and   if 

attach    a  freight  of  4  ounces  to  the 

string,  we  nhall   tind  that  the  angle  p  o 

q  will  measure   75*^ ;    and   this  we  may 

easily    prove  by    holding 


we 


larger   dimensions    behind 


a  fig;ure  of 
the  thread, 
and  9  t  with 


r  8  corresponding  yrxiix  o  p 
o  q.  If  A  had  been  made  larger  than  4> 
and  all  the  other  parts  of  the  figure  were 
left  unaltered,  the  angle  p  o  q  would  be 
less  than  75** ;  and  the  smaller  we  make 
the  weight  at  bj  the  larger  will  be  the  angle  ;>  o  q. 

When  both  forces  arc  equal,  the  resultant  divides  the  angle 
which  they  make  with  each  other  into  two  equal  parts. 

AiVben  the  two  forces  are  unequal,  the  resultant  dindes  their 
angle  into  unequal  pnrtfl,  approaching  more  nearly  to  the  direction 
of  the  larger  force. 

Ah  we  can  find  the  resultant  of  two  forces  acting  upon  a  point, 
BO  it  is  likewise  easy  to  ascertain  the  resultant  of  any  given  number 
of  forces,  nothing  more  being  necessary  than  to  find  the  resultant 
of  the  two  first  forces,  then  their  resultant  with  the  third  force, 
and  HO  on. 

As  two  forces  can  be  replaced  by  a  single  force,  so,  conversely, 
we  may  substitute  two  forces  for  one ;  and  we  see  further,  that  an 
infinite  number  of  different  systems  of  forces  may  have  the  same 
resultant,   and   conversely,    that   one    force    may   be   replaced   in 
no.  9.  innumerably  different    ways  by  a   sys- 

tem of  two  forces.  But  if  it  were^ 
required  that  the  force  <i  r  should  be' 
replaced  by  two  other  forces,  one  of 
which  should  have  the  direction  a  y, 
and  the  magnitude  n  c,  the  problem 
is  perfectly  definite,  there  being  but 
one  way  to  complete  the  parallelogram,  and  to  find  the  component 
or  lateral  force  a  h. 

From  the  parallelogram  of  forces  are  derived  the  laws  of  equili- 
brium in  all  simple  machines;  and  these  we  now  proceed  to- 
describc. 

The  Inclined  Plane  affords  a  practical  illustration  of  the  decom- 
position   of  forces.      When  a    weight    rests  upon  n  plane,  which 
ims  an  angle  x  mntb  the  horizon,  the  gravity  of  the  body  acting 
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m  cbe  direction  a  b  ib  no  longer  at  right  auglc>i  to  the  plane,  mu], 
aiuscquently,  the  latter  has  not  to  support  the  full  pressure  of  the 
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reight  of  the  load.  In  fact,  the  granty  of  the  body  may 
decomposed  into  two  forces,  the  one  of  which  acts  at  right  angles 
with  the  plane,  causing  the  pressure,  while  the  other,  aetiug 
parallel  with  the  inclined  plane,  urges  the  body  down  it.  The 
magnitude  of  these  two  forces  may  easily  be  obtained  by  construc- 
tion. U  a  b  represent  the  magnitude  and  the  direction  of  gravity^ 
wc  have  only  to  draw  a  line  at  right  angles  with  the  ijiclined  plane 
through  a,  and  another  parallel  with  it,  then  join  b  and  «/,  and 
drop  the  perpendicular  b  c.  The  line  a  d  represents  the  amount 
of  pressure  which  the  plane  has  to  support,  a  c  the  amount  of 
force  which  impels  the  load  down  the  inclined  plaiie,  or,  in  other 
words,  the  pressure  upon  the  plane,  and  the  force  which  tends  to 
move  the  body  parallel  to  the  inclined  plane  are  to  the  weight  of 
the  body  as  the  linetj  a  d  and  a  e  are  to  a  b. 

But  the  triangle  a  6  c  is  similar  to  the  triangle  R  S  T  and  a  b  : 
a  c  =^  R  S:  S  Tf  and,  consequently,  the  force  which  urges  the 
body  down  the  inclined  plane  is  to  its  weight  as  the  height  of  the 
plane  is  to  its  length.  If  we  denote  by  x  the  angle  which  the 
inclined  plane  makes  with  the  horizon,  then  it  is  e>ident  that 
a  c  =  a  b  sin.  x  and  b  e  =^  a  b  cos.  x ;  and,  therefore,  if  P  repre- 
sents the  weight  of  the  body,  the  pressure  which  the  plane  has  to 
support  is  equal  to  P  cos.  x,  and  the  force  that  urges  the  body 
down  the  plane  is  equal  to  P  sin.  x. 

We  will  attempt  to  make  this  point  clearer  by  the  fol- 
lowing illustration.     If  wc  lay  n  loud  in  a  Httle  carriage,   and 
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place    it    upon    an    inclined   plaue^  it  will  roll  down ;  this  may, 

however,  be  hindered  by  attaching  lo  the  carriage  a  line,  passing 

round  a  pulley,  and  having  the  weight  P  suspended  from  its  other 

extremity.     Supposing  the  Uttlc  carriage  and  its  load  to  weigh  100 

ounces,  and  the   angle  x  to  be  30",  then  S  T  =  ^  R  S,  and, 

consequently,  a  c  =^  ^  a  b ;  that  is  to  say,  the  force  which  urges 

the  carriage  dowTi  the  plane  is  equal  to  the  half  of  its  weight,  and 

the  carriage  will,  therefore,  be  prevented  from  rolling  down,  if  we 

make  the  weight  P  equal  to  50  oiuices. 

If  the  angle  x  were  19"  30',  then  would  S  T  =  i  R  S,  and 

100 
then  the  weight  P  need  only  be   -^  =  33  ounces  to  prevent  the 

o 

carriage  from  rolhng  down  the  plane. 

Ab  sin,  14**  30'  nearly  ^  i,  that  is  to  say,  when  the  angle 

100 
X  =  14«  30'  5  T  =  i  i?  5,  in  this  case  P  must  =  —  =  25 

0UnC(!8. 

In  order  to  make  experiments  with  reference  to  different  angles 
of  incUnation,  wc  must  use  a  pcilished  board,  which  by  means  of  a 
hinge  is  so  secured  to  a  tixed  horizontal  boiird  a.s  to  adjnit  of  being 
placed  at  any  angle  of  inclination  that  may  be  requii'ed.  The 
pulley  round  which  the  line  is  passed  may  be  secured  to  the  board, 
but  we  may  also  easily  make  use  of  one  of  the  rods  in  Fig.  7  for  M 
this  purpose,  as  the  slide  may  be  pushed  U]}  and  down  to  raise  or  S 
depress  the  pulley  to  the  elevation  required.  Instead  of  attaching 
the  weight  P  directly  on  the  line,  we  lay  it  in  a  scale  which  has 
been  weighed,  and,  together  with  its  contents,  must  be  made  equal 
to  the  computed  weight  P.  ■ 

Wc   daily  see  the  practical  application   of  the  inclined  plane. 
Every  road  leaiUng  up  an  ascent  is  an  judiuetl  plaiic^  on  which      i 
weights  are  lifted  from  valleys  to  the  summit  of  hills ;  for  iustanccy  fl 
in  order  to  draw  a  loaded  waggon  up  a  hilly  road,  besides  the  ^ 
force  necessary  to  overcome  the  friction  (whicli  is  likewise  required 
upon  even  ground),  we  miist  apply   another  force  to  sustain  the 
equilibrium  with  that  ]>ortion  of  gravity  acting  parallel  with  the 
inclined  plane,  and  which  inci*eased  with  the  steepness  of  the  road. 
For  this  reason  it  is  preferable  to  make  a  road  winding  ciiruitously 
round  a  hill,  instead  of  carrj'ing  it  directly  upward.     It  frequently  _ 
happens   in  erections  of  almost  every  kind  that  the  materials  fori 
building  are  raised  to  the  i-equired  height  by  means  of  inclined 
planes.     This  application  of  the  inclined  plane  was  known  to  the 
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;    acd  it   is   highly  probable   that  the  Egyptians  avaiied 
;lves  of  it  in  order  to  raise  the  huge  blocks  of  stoue  which 
they  employed  in  constructing  their  pyramids. 
The   Screw  in  an  iuclincd  plane  wound  round  a  cylinder.     Let 

a  he,  Fig.  12,  be 
a  rectangular  pii-ce 
of  paper  whose  ho- 
rizontal aide^  a  b, 
is  equal  to  the  cir- 
cumference of  the 
cylinder,  Fig.  11, 
the  paper  be  go 
wound  around  the 
cylinder  that  a  b  shall  form  the  periphery  of  its  base,  the  hypo- 
thenusc  a  c  will  wind  round  the  cylinder  in  an  uniformly 
ascending  curved  line,  o  ;>  ^  r;  if  the  point  a  coincide  with 
the  point  0,  b  will  also  coincide  with  o,  and  c  will  be  vertically 
over  0  at  r.  The  curved  line  o  p  q  r,  which  is  represented  in  our 
figure,  is  termed  the  thread  of  the  screw ;  and  its  reverse  side  has 
been  drawn  white  in  order  to  show  the  entire  curvature  of  the  line 
from  o  to  r,  is  the  distance  of  two  contiguous  threads. 

If  we  imagine  a  triangle  continued  along  the  thread  of  the  screw 
round  the  cylinder,  we  obtain  a  screw  with  a  triangular  thread,  a» 
no.  13,  no.  14.      shown   in   Fig.   13;  and,  if  we   suppose  a 

pandlelograni  wound  in  like  manner  round 
the  cylinder,  we  have  a  Hat-threaded  screw, 
as  represented  in  Fig.  14.    A  screw  cannot 
by  itself  be  applied  to  remove  or  \i\\  lieuvy 
weights,  or  U*  exercise  any  strong  pres- 
sure ;  for  to  effect  these  purposes  it  muat 
be  so  combined  with  a  screw-box  or  nut 
[which  is  a  concave  cylinder,  on   the  interior  of  which  a  corres- 
mding  spiral  cavity  is  cut),  that   the  elevations  of  the  one  may 
irately  tit  into  the  depressions  of  the  other.     If  we  suppose  the 
to  be  tixed  vertically,  then  every  revolution  must  cause  an 
levation  or  depression  of  the  nut.     If  a  weight  lying  in  the  nut 
be  raised  by  the  turning  of  the  screw,  it  is  evident  that  the 
le  principles  are  at  work  here,  as  in  an  inclined  plane  of  equal 
levation.     The   steepness   of  the    convolutions   of  the   screw    is 
iversely    proportional   to  the  distance  between   two   contiguous 
Is   as  compared  with   the  circumference  of  the  cyUnder. 
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The  screw  is  used  partly  to  lift  heavy  weighU.  and  partly 
sustain  great  pressure,  the  resistance  acting  in  Home  cases  up 
*u    ^^^^  itseli*,  and  in  others  upon  the  screw-box.     In  cstimatL 
the  effect  of  a  screw  we  must  not  lose  sight  of  the  fact  that  friction- 
plays  a  conspicuous  part  in  its  action  ;  but  of  this  we  shall  speak 
presently.     I^   o^jg^  to  make   use   of  the  screw   as  a  powerful 
machine,  the  turning  force  is  not  applied  directly  to  the  circum- J 
fercncc,  but  to  a  lever,  or  arm,  as  we  may  observe  in  all  screw^^f 
presses.  ^ 

/  he  Wedge. — Another  form  of  applying  the  inclined  plane  ia  the  j 
^edge,  which  is  used  to  cleave  wood  and  masses  of  stone.     Bj^f 

thrusting  wedges  under  their  keels,  ships  are 
raised  for  the  purpose  of  being  repaired  in 
the  ducks.  The  wedge  is  the  principal  agent 
the  oil-null.  The  seeds  from  which  the 
oil  is  to  be  extracted  are  introduced  into  hair 
bagSj  and  placed  between  pieces  of  hard  wood.  Wedges  inserted 
between  the  bags  are  driven  by  allowing  heavy  beams  to  fall  on 
them.  The  pressure  thus  excited  is  so  intense  that  the  seeds  in 
the  bags  arc  formed  into  a  mass  nearly  as  soUd  as  wood.  ^Vll  oi 
cutting  implements^  as  knives,  chisels,  scissors,  arc  nothing  moi 
than  wedges.  It  must  be  perfectly  clear  to  every  one  that  thel 
action  of  the  wedge  may  be  referred  to  that  of  the  inclined  plane. 

The  Pulley  is  a  round  thin  disc,  hollowed  out  on  its  edges,  and 
turning  upon  an  axis  passing  through  its  centre  at  right  angles 
with  its  plane. 

We  dunde  pulleys  into  the  fixed  and  moveable.     Fixed  pidleya  ^ 
arc  such  as  have  an  immoveable  axis,  and  simply  allow  of  thingv^^ 
being  turned  round  them.     If  a  string  or  line  be  passed  round  a 
part  of  the  circumference  of  a  fixed  pulley,  and  forces  act  at  either 
16.  extremity,  a  state  of  equilibrium  wiD    not   be 

brought  about  unless  the  force  which  stretches 
the  line  on  the  one  side  be  equal  to  the  force 
acting  on  the  other.   Fig.  16  represents  a  puUcyj^^^ 
Cy    moving  romid   a   fixed   axis,    and   the   line^^ 
stretched  by   forces  acting  in  the  directions  a  b 
and  d  e.     If  we  suppose  the  lines  d  e  and  a  A^| 
prolonged  to  their  interaeetiug  point,  m,  it  19^ 
evident  that  if  m  were  a  point  connected  with 
/  \    the    pulley,    we   could   change   the   points 

kpplieatiou  of  the  two  forces  fi-om  a  and  d  t»» 
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vithunt  altL-ring  an^-thing  in  the  action ;  and  thus  we  should  have 
t«o  force*  meeting  at  m,  which  could  only  be  in  equilibrium  if 
tfcrir  rciiiiltant  were  »o.  If  the  two  forces  meeting  in  m,  and 
Mting  in  the  directions  m  b  and  m  e,  are  equal,  their  resultant  will 
bisect  the  angle  b  m  f,  and  wiU  then  pass  thrcuigh  the  fixed  central 
(Knnt  c»  and  we  shall  have  a  condition  of  equilibrium.  If  one  of 
the  two  force*  be  greater  than  the  other,  the  resultant  will  no 
longer  pass  through  the  fixed  point,  and  consequently  equilibrium 
will  not  be  maintained. 

no.  18.  The  pressure  which  the 

n*.  17.  ^  /  axis  of  the  pulley  has  to 

^^^K  \^  /     tnstain   must    clearly    be 

4^^^Hl  \.     ^^^^^  /         equal  to  the  resultiuit  of 

^^^V  ^^^^^V'^  ^^^  ^^  forces ;  and  if  the 

^H  ^W  directions  of  the  forces  be 

1  i  JF^  parallel,  as  in  Fig.  17,  the 

F         It  a  pressure  upon  the  axis  is 

equal  to  the  sum  of  the 
two  forces,  in   which   we  might   also  include  the  weight  of  the 


'A  moveable  pulley  cannot  be  in  equilibrium  unless  the  forces  by 

lich  the  two  cuds  of  the  string  are  stretched  are  equal  to  one 
another,  for  in  this  case  only  does  their  resultant  pass  through  the 

itral  point  of  the  disc.  The  action  of  this  resultant  is  not 
ited  o^*ing  to  the  fixed  condition  of  the  axis,  but  owing  to  there 
being  a  third  power  in  the  axis  in  the  direction  of  the  resultant, 
which  is  equal  and  opposed  to  it.  This  third  power  is  usually 
applied  to  a  hook  fastened  on  the  block.  At  Fig.  18  it  is 
represented  by  a  weight. 

When  the  two  ends  of   the  line  passing  round  the  moveable 


•  It  mi^t  be  objected  that  this  is  arguing  in  a  circle  ;  for  we  have  already  uied 
ihc  puller  ii  an  experimental  illustration  of  the  coircetncss  of  the  proposition  of  the 
panllelo^rani  of  force*,  and  now  we  derive  the  conditions  of  cquilibriuni  in  a  pulley 
from  the  paraUdogram  of  forces.  Tliis,  howeTer,  is  not  so  unreasonable  u  it  may  at 
first  wght  appear;  for,  although  the  conditions  of  equilibriuui  Ijetween  all  the  forces 
acting  on  a  puUey  can  only  be  understood  in  all  their  bearings  by  means  of  the  theory 
of  the  parallelogram  of  forces,  we  may  cosily  perceive,  even  without  any  knowledge 
of  tliese  laws,  that  the  powers  acting  on  tmth  ends  of  a  string  (the  tension  of  the 
itring  remaining  constant)  passed  round  a  pulley  must  be  equal  if  they  arc  to  l»e  in 
equilibrium  ;  for.  as  each  force  tends  to  turn  the  pulley  in  on  opposite  direction,  a 
dote  of  equilibrium  can  ordy  be  brought  about  when  thexe  forces  ore  equal,  as  mu»l 
alR«d}'  have  been  made  evident  to  all  in  our  illustraliou  in  Fig.  7. 
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riG,  19.  pulley  are  parallel  to  each  other  as  in  Fig.  19, 

?^*  it  ifl  c\ident  that  the  force  with  which  each  ea 
is  drawn  is  half  as  great  a«  the  weight  haiiging 
to  the  hlock.  When  two  groups  of  pulleys,  of^ 
which  the  one  is  fixed,  and  the  other  move- 
able, are  so  cnnnected  by  a  line  that  the  latter 
may  pass  from  the  one  to  the  other,  we  have 
a  system  of  pulleys. 
Fig.  20  represents  a  system  consisting  o 
three  fixed  and  three  moveable  pulleys.  The 
weight  q  which  is  attached  to  the  common 
bloek  of  the  three  moveable  ]mlleys  is  sup- 
ported by  the  six  lines  which  connect  the 
upper  and  lower  pulleys ;  and  consequently, 
as  the  weight  is  equally  divided  between  the 
lines,  each  is  diawn  by  one  sLxth  of  the  weight 
q  ;  and  if  sixty  ]>ounds  weiglit  were  suspended 
to  the  bottom,  each  hue  would  be  drawn  upon 
by  a  force  of  ten  pounds. 

If  wc  observe  the  external  line  to  the  left 
side  which  connects  the  lowest  of  the  move-  _ 
able  pulleys  with  the  highest  of  those  that  are  B 
fixed,  we  shall  see  that  this  line  nms  round 
the  top  pulley,  and  haugs  freely  down  on  the 
right  side.  Now,  in  order  to  estabUsh  a  state 
•►f  e(]uilibriuni,  it  is  necessary  that  the  tension 
of  the  Hue  should  be  equal  on  the  two  sides  of 
the  upper  pulley  j  and  as  we  have  seen  that  the 
line  to  the  left  is  drawn  with  the  force  of  one 
sLxth  of  the  weight  at  q,  it  is  necessary  to 
attach  a  weight  equal  to  one  sixth  of  q  to  the 
end  of  the  line,  in  order  to  obtain  a  state  of 
equilibrium.  We  may,  therefore,  again  poise 
a  weight  of  sixty  pounds,  by  attaching  to  the 
line  a  weight  of  ten  ptmuds. 
As  the  amount  of  weight  bearing  upon  the  lines  depends  upon 
their  nuinber,  that  is  the  number  of  ]>ulleys  composing  the  system, 
it  follows  that  another  relatiiin  will  be  t^tabiished  between  <he 
forces  and  weights,  but  this  can  readily  be  obtained 
mode  of  deduction. 

TTie  Lever. — Suppose  a  line  parsed  round  a  pulle)' 


isneo  Dctwccn  <ne 
lined   by  a  similar  / 

pulley,  to  the  ena  _ 
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of  which  the  weight />  (Fig.   21)  U  attached;  whilst,  on  the  other 
■idc,  ihc  line  U  drawn  in  the  direction  a  b,  with  a  force  equal  to 

the  weight  p.  Here,  how- 
ever, according  to  the  theory 
of  the  parallelogram  of  forces, 
wo  may  decompose  the  forces 
meeting  at  a,  and  acting  in 
the  direction  a  b,  into  lateral 
forces,  one  of  which  acts  in 
the  direction  of  d  from  a, 
being  a  prolongation  of  the 
direction  of  the  radius  m  a, 
while  the  direction  of  the 
other  force  a /is  parallel  with 

ffP- 

U  the  pulley  be  fixed,  the 
action  of  the  force  a  d  will  be 
counteracted  by  the  resiat- 
ance  of  the  fixed  central 
point  m;  we  may,  therefore,  entirely  remove  the  component  force 
acting  in  the  direction  a  rf,  without  disturbing  the  equilibrium, 
and  we  may  replace  the  active  force  a  b  hy  its  com|>oncnt  force 
acting  in  the  direction  of  a  f. 

If  the  line  a  c  represent  the  force/?  acting  in  the  direction  a  b, 
then  the  line  nfvnW  give  the  amount  of  the  component  force  P, 
&nd,  without  further  working  out  the  relations  of  size  between  a  c 
and  a/nr  p  and  /*,  we  see  at  once  that  P  must  be  larger  than 
p;  we  might,  therefore,  without  disturbing  the  equilibrium, 
replace  the  force />,  acting  in  the  direction  a  6  by  another  force 
P,  likewise  acting  at  a,  but  in  n  vertical  direction. 

Instead  of  letting  the  force  P  act  directly  at  a,  we  may,  without 
dwturbing  the  ef|uilibrium,  choose  any  part  of  the  line  a /as  the 
|>oinc  of  application  ;  we  may,  for  instance,  let  the  force  P  act  at 
the  point  h,  where  the  lines  fl/and^  m  intersect  each  other,  and 
thus  wc  have  two  rectangular  forces  p  and  P  in  a  state  of  cquili- 
briunif  at  the  ends  of  a  straight  line  A  g  revolving  round  m. 

no.  22.  Xlie  two    forces    are    unequal,    as    their 

respective  points  of  application  at  h  and  g 
are  at  unequal  distances  from  the  fulcrum  m. 
We  have  now  to  ascertam  the  relation  which 
exists  between  the  magnitude  of  the  forces  p 
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and  P,  and  the  lengths  A  m  and  ff  m.  The  trungles  c  of,  Fig. 
and  a  h  m  are  similar  to  each  other,  and  hence  a  c :  af=hm:  am. 
But  the  lengths  a  c  and  <i  /  are  to  each  other  as  the  forces  p  and 
P :  thus  we  have 

p :  P  ^  hm:  am, 
and  since  a  m  i=  g  m, 

p :  P  ^  k  m  :  y  m, 
or 

p:P  =  L:l  .  ,  .  .  (1), 
if  we  make  the  length  h  m  =  L  and  g  m  -^  L  Or,  to  e; 
the  same  fact  inwards,  we  may  say  that  the  forces  P  and  p  bear 
an  inverse  ratio  to  the  distances  of  their  points  of  application  from 
the  fulcrum  m. 

A  straight,  inflexible  rod  tuniing  round  a  tixed  point  is  called  a 
lever.  If  two  opposite  forces  at  right  angles  to  its  direction  be  applied 
at  two  different  points  of  a  lever,  a  state  of  equilibrium  will  be  estab- 
lished when  the  above  condition  has  been  fultillcd.  The  distance 
of  the  point  of  application  of  a  force  from  the  fiilcrum  is  called  the 
arui  of  the  lever ;  and  we  may,  therefore,  thus  express  the  condition 
of  equihbriuin  iu  the  lever.  Two  forces  tending  to  draw  the  lever 
in  opposite  directions  ai'c  in  equilibrium  when  they  bear  an  inverse 
proportion  to  the  corresponding  arms  of  the  lever. 

If,  for  instance,  the  arm  A  in  (Fig.  22)  was  half  the  length  of 
g  F»,  then  P  must  be  twice  as  large  as  /).  A  force  p  may  be  in 
equilibrium  with  a  hundredfold  larger  force  P  if  the  arm  m  ^  be 
100  times  as  limg  as  the  arm  h  m. 

From  the  proportion  (1),  it  follows  that  P  L  =  p  I,  that  ia 
to  say,  in  order  that  two  forces  in  a  lever  shall  be  in  equdibrium^ 
it  ia  necessary  that  the  products  of  the  force  and  the  distance 
at  which  it  acts  from  the  fulcrum  be  equal  for  b(»th  forces.  If, 
for  instance,  the  force  p  :=  6  ounces,  and  the  arm  be  12  inches, 
it  wovdd  be  necessary,  in  order  to  bring  them  to  a  slate  of 
equilibrium,  to  have  on  the  other  side  an  arm  three  times  shorter, 
that  is,  4  inches,  acted  on  by  a  force  three  times  greater,  that  is, 
8x6=  18;  it  is  evident  that  the  product  6x12  is  equal  to 
the  product  4x  18. 

The  product  obtained  by  uiuUiplying  the  force  by  the  arm  of  the 
lever  is  called  tlic  stnfic  moment  of  the  force.  AVc  may  also  define 
the  static  moment  of  a  force  as  that  force  which,  acting  at  an  arm 
of  one  unit  on  the  op|>ositc  side  of  the  fulcrum,  shall  preserve  the 
state  of  equilibrium. 
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no.  23. 
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in  Pig.  23,  if  we  assume  that  the  force  tu  the  right  ^  6,  and 

the  arm  of  the  lever  =  5,  the  static 

moment  of  the  force  will    l>c    5x6 

:=  30  J  then,  if  the  force  on  the  left 

hand  is  to  be  in  a  state  of  equiUbrium 

1^  with  the  former,  the  static  moment 

*^  of  the  two  must  be  equal^  and  the 

side  on  an  arm  equal  to  3  must  have  a 


no,  24. 


f5~"TT>:" 


force  acting  on  the  left 
valve  of  10.  But,  instead  of  letting  the  force  6  act  on  the  arm  of 
length  5,  we  might,  without  disturbing  the  equdibrium,  apply  a 
force  of  80  on  the  arm  of  length  1 ;  and,  in  like  manner,  the  foirc 
10  acting  on  the  other  side  of  the  lever,  which  equals  3,  may  be 
replaced  by  a  force  of  30  acting  at  an  arm  equal  to  I. 

When  several  forces  act  on  "each  side  of  the  fulcrum  a  state  of 
equilibriiun  will  be  established,  if  the  sums  of  the  static  moments 
on  each  side  be  equal.     For  example,  in  Fig.  2^1-  m  is  the  fulcrum, 

and  on  one  side  the  force  5 
acts  on  the  ann  2,  the  forct^  2 
on  the  arm  4,  and  the  force 
on  the  arm  6,  while  on  the 
other  side  the  forces  10  and  3 
act  on  the  arm  3  and  4.  Now,  all  these  forces  will  be  in  a  state 
of  equilibrium,  for  the  sums  of  the  Btatic  momcntt>  of  both  sides 
are  equal.  The  sum  of  the  static  moments  on  the  one  side  is 
5x2  4-2x4+4x6  =  42,  and  the  sum  of  the  same  forces 
on  the  other  side  is  10  x  3  +  3  x  4  ^  42.  Instead  of  the  force 
6,  which  acts  at  the  distance  2,  we  might  have  the  force  10  at  the 
distance  1 ;  thus  also  the  forces  2  and  4,  acting  at  the  distances  4 
and  6,  may  be  replaced  by  two  other  forces,  8  and  24,  acting  at 
right  angles  to  ann  1.  We  may  likewise  Kubstitute  the  forces  10, 
8,  and  24,  acting  at  the  distance  1,  for  the  forces  5,  2,  and  4, 
acting  at  the  distances  2,  4,  and  6  respectively ;  or,  in  other 
words,  we  may  replace  the  three  forces  5,  2,  and  4,  acting  on 
their  different  arms,  by  one  single  force  of  42,  acting  at  the 
distance  1.  On  the  other  side  we  may  also  substitute  two  forces, 
80  and  12j  acting  at  an  ann  1,  for  the  forcea  10  and  3,  acting  at 
the  distances  3  and  4 ;  or  We  may  make  use  of  a  single  force  of  42, 
acting  at  a  distance  1.  As  the  sums  of  the  static  moments  are 
equal  on  both  sides,  a  state  of  equilibrium  must  be  maintained/' 
The  common  ateelyard  furnishes  us  with  a  good  example  of  tKe 
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application  of  the  lever,  and  Fig.  25  may  serve  to  elucidate  tlie 
»'«•  25.  principles  of  this  machine.    A 

lever  is  moveable  about  the 
point  a,  while  a  scale  is  sus- 
pended at  Tj  to  receive  the 
weight  acting  upon  the  arm 
a  r,  and  this  weight  is  kept  in  equilibrium  by  a  sliding  weight  at 
the  other  arm  of  the  lever.  The  heavier  the  weight  is,  the  farther 
must  the  sliding  weight  be  removed  from  the  fulcrum  r. 

In  such  a  lever  as  we  have  been  considering,  the  fulcrum  has  to 
sustain  a  resistance  equal  to  the  sum  of  the  forces  on  both  sides ; 
it  may  also  be  in  equilibrium  when  the  fulcrum  is  not  fixed,  but  is 
moved  by  a  power  acting  in  a  contrary  direction,  but  equal  to  the 
sum  of  the  other  forces.  Fig.  26  explains  this.  Let  us  assume 
FIG.  26.  that  c  is  the  fixed  fulcrum  of  a  lever  m  n,  at 

a      the  ends  of  which  the  forces  P  and  P'  balance 
each  other.    Their  equilibrium  will  not  be 
■V  disturbed  by  the  fulcrum  c  ceasing   to  be 
fixed,   if  a  force  n  be  attached  to  it,  which 
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~Tt  shall  be  equal  to  the  sum  of  P  and  p,  and 
m  act  in  an  upward,  as  the  forces  P  and  P* 
^  draw  in  a  downward  direction. 
We  may[segaitf)  either  of  the  three  points  m,  c,  or  n,  as  fixed 
without  disturbing  the  equilibrium.  If  one  of  the  extreme  points, 
n  for  instance,  be  fixed,  we  have  a  one-armed  lever ;  that  is,  one 
in  which  the  two  forces  N  and  P  act  on  the  same  side  of  the 
fuknun  n.  The  two  forces  have  in  this  case  opposite  directions, 
and  the  pressure  upon  the  point  of  support  is  equal  to  the  diffe- 
rence of  the  two  forces  P  and  N.  The  arm  of  the  force  P  is  /+/', 
if  we  designate  the  length  m  c  as  4  and  the  length  n  c  as  /' ;  the 
arm  of  force  N  is  /'.  If  c  had  been  the  fixed  fulcrum  we  should 
have  had  as  a  requisite  condition  of  equilibrium  : — 
i>';P  =  /:/', 

and,  consequently, 

p/  -H  P  ,  P  =  /  +  /' ;  /', 

or, 

iV;  P  =  /  +  /'  :  /'. 
If,  therefore,  the  forces  N  and  P  acting  in  opposite  directions  are 
to  be  in  equilibrium,  they  must  be  inversely  proportionate  to  the 
length  of  the  arms  at  which  they  act. 
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Fig.  27  shows  the  applica- 
tion of  a  siiigle-armed  lever. 
The  valve  p  whieh  closes  the 
opening  of  a  boiler  ia  forced 
up  bjr  the  pressure  of  the  steam,  but  this  pressure  is  equipoised  by 
a  much  smaller  force,  the  weight  n  acting  downwards,  because  r 
acta  at  a  longer  arm  than  the  pressure  on  the  under  surtace  of  the 
valve. 

The  tft'o  extreme  |)oints  (Fig.  28)  m 
and  n  of  the  rod  m  n  may  be  tixcd,  while 
B  force  N  acta  at  e ;  so  that  the  point  m 
has  a  pressure  /?,  and  the  jwint  n  a  pressure 
p'  to  support.  ^Alicn  two  men  carry  a  load 
hanging  to  a  rod,  each  one  supporting 
an  end  of  the  rod  on  their  shoulders, 
they  have  between  them  the  whole  weight 
to  carry ;  and  when  it  hangs  exactly  in  the  middle  of  the  pole, 
it  will  be  equally  dinded  between  them  ;  but  if  the  load  should 
be  hung  nearer  to  one  of  them,  he  will  have  the  most  weight 
to  support.  Supposing  that  the  appended  load  weigh  100  lbs., 
the  pole  be  5  feet  long,  and  that  tht;  load  hang  2  feet  from  one, 
and  3  feet  from  the  other  end,  then  the  shouldcrB  of  one  bearer 
will  have  to  support  a  pressure  of  60  lbs.,  and  those  of  the  other  a 
pressure  of  40  lbs. 

We  have  hitherto  only  considered  the  forces  acting  at  right 
angles    to   the   lever;    equilibrium  may,  however,  be   established 


r 


L without  this  being  the  case 
no.  29. 


/^, 


In  Fig.  29  n  is  the  fixed  point 
of  the  lever  «  6  ;  at  a  the  force 
p  acts  in  the  direction  a  c,  and  at 
b  the  force  q  in  the  direction  b  d^ 
the  forces  p  and  q  bearing  the 
same  relations  to  each  other  as 
the  lines  a  c  and  b  d.  According 
to  the  law  of  the  parallelogram 
of  forces,  p  may  be  decomposed 
into  two  forces,  of  which  the  one  p*  acts  at  right  angles  to  a  b, 
while  the  other  acts  in  the  direction  of  a  b.  In  the  same  way  q 
may  be  deeomposed  into  two  forces,  of  which  one  q'  act  at  right 
angles  to  a  b,  and  the  other  in  the  direction  of  that  line. 

Tlie  action  of  the  two  component  forces  which  act  in  the  direc- 
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tion  of  the  line  a  6  is  evidently  fully  counteracted  by  the  resistance 
of  the  fixed  point  n,  thus  leaving  only  the  action  of  the  forces  p* 
and  q'.  We  may,  therefore,  substitute  the  component  forces  /)' 
and  9'  acting  at  right  angles  to  the  lever  in  place  of  the  original 
forces  p  and  q.  A  state  of  equilibrium  will  be  established  if  ^'  and 
q'  correspond  in  an  inverse  ratio  to  the  length  of  their  arms — 
that  is,  if 

pi  :  q*  ^  n  b,  n  a 
or  if 

q* xn  b  ^=  p'xn  a. 
If  we  prolong  the  direction  of  the  force  p,  and  draw  n  o  {  ^  Ij 
perpendicular  to  it,  we  have  the  triangle  a  0  n,  which  is  similar  to 
the  triangle  whose  h)'pothenuBe  is^,  and  one  of  whose  sides  isp'  s 
and  &om  this  it  follows  that 

p  :  p*  =  a  n  :  i 
and  consequently  that 

pxl  =  p*xa  n, 
Tlie  force  p,  acting  obliquely  on  the  ai*m  a  n,  acts  exactly  the 
same  as  the  component  force  p*  acting  at  the  same  point  a ;  and 
also  as  if  the  force  p  acted  at  right  angles  to  a  shortened  arm, 
which  iH  found  by  Ictlmg  fall  a  peqjendicular  from  the  fulcrum  n 
upon  the  direction  of  the  force.  ■ 

Tlie  moment  of  an   oblique  force  is  found  by  multiplying  the  ■ 
force  by  the  perpendicular  let  full  upon  the  direction  of  the  force 
from  the  axis. 

Thxis  the  oblique  force  7  acts  as  if  it  met  the  arm  of  the  lever 
n  m  at  right  angles,  and  the  two  forces  p  and  q  are  in  equilibrium 
when  p  X  0  n  ^  q  x  n  m. 

no.  30.  By  the  same  ]>roccs8,  we  find  the  moment 

r...  of  the  forces  when  the  lever  docs  not  form  a 

straigrht  line.  WTicn  any  fixed  system  turns 
roimd  a  fixed  avisj  tbe  forces  that  tend  to 
turn  it  roimd  the  axis  follow  the  laws  of  the 
lever;  and  these  we  therefore  find  ap]>lied  iu  uiany  machines,  which 
may,  therefore,  be  divided  into  more  or  less  complicated  systems 
of  levers.  In  the  windlass  and  capstan  (Figs.  31  and  32)  the 
weight  r  corresponds  to  the  counteracting  force  p  in  an  inverse 
ratio  to  the  arms  of  the  lever ;  that  is,  inversely  to  the  radii  a  b 
and  c  d.  If,  for  example,  the  radius  a  ^  of  the  axle  is  four  times 
less  than  the  radius  c  d  o(  the  wheel,  we  may  equipoise  a  weight 
of  100  lbs.  by  a  force  of  25  lbs. 


The  capstan  (Fig.  32)  only  differs  from  the  wiudla«8  by  havinju 
its  revolving  axis  placed  vertically,  and  thus  a  rornparativcly  small 
force  18  required  at  p  to  move  the  weight  r. 

HTien  two  parallel  forces  acting  at  right  angles  to  a  lever  arc 
equipoised^  the  cquillbriuui  will  not  be  disturbed  if  wc  increanc  or 
dinunish  them  in  equal  proportions,  or  if  we  keep  the  forces 
parallel  to  each  other  in  altering  their  direction.     If,   for  instance. 


no.  33.  the  forces  a  b  =z  p  and  c  d  ^  q,  acting 

on  the  lever  a  c,    are  equipoised,  the 

equilibrium   will  not  be  disturbed  if  wc 

let  the  forces  act  in  the  parallel  directions 

a  e  and  cf,  for  the  oblique  force />  acta 

in  the  same  manner  as  its  rectangular 

component  ;>',  and  the  oblique  force  q 

the  rectangular  force  q* ;  and  /)'  y'  will  certainly  maintain  a 

idition  of  equilibrium  if  it  exists  between  the  forces ;?  and  9, 

perpendicularly  to  the  lever. 

•fi  of  Gravity. — A  heavy  body,  whatever  be  its  size,  may  be 
regarded  as  a  combination  of  innumerable  material  points,  acted 
upon  by  gravity.  All  these  forces,  although  innumerable,  may  be 
replaced  by  one  single  force  acting  at  a  fixed  point.  This  single 
force,  which  is  nothing  more  than  the  sum  or  the  results  of  all  the 
individual  actions  of  gravity^  ia  termed  the  weight  of  a  body,  and 
the  point  at  which  the  resultant  acts  the  centre  of  gravity. 

This  definition  is  sufficient  to  prevent  weight  and  gravity  from 
being  confounded.  Gravity  is  the  elementar)'  force  which  acts 
directly  upon  all  the  particles  of  matter,  while  the  weight  of  a  body 
is  the  sum  of  the  actions  which  gravity  exercises  upon  this  body. 
It  is  very  important  to  be  able  to  ascertain  the  weight  of  bodies 
and  their  centre  of  gravity,  since  we  can  then  substitute  one  single 
force,  namely,  the  weight,  for  all  the  elementary  forces  acting  on 
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the  body;  and  one  single  pointy  namely,  the  centre  of  gravityj  for 
the  collective  points  forming  the  body.  We  may  thus  consider  a 
hea^T  mass,  whatever  be  its  size  and  form,  as  a  single  point,  on 
which  one  single  force  acts. 

In  a  heavy  body,  possessing  an  extension  of  even  some  hundred 
metres,  the  direction  of  gra\ntation  will  be  not  only  perfectly 
parallel  for  all  the  molecules,  but  also  perfectly  equal  for  all, 
because  all  tlie  molecules  will  fall  with  equal  velocity  in  vacuo,  ■ 
The  centre  of  gravity  is  consequently  nothing  more  than  the  centre  ™ 
of  parallel  and  equal  forces,  where  the  position  does  not  change 
when  the  position  of  the  body  with  respect  to  the  direction  of 
quantity  changes. 

We  deduce  from  the  laws  of  the  action  of  parallel  forces  the  fact 
that  every  solid  body  must  have  such  a  centre  of  gravity.  If  an 
immovable  straight  line  a  b  (Fig.  34)  be 
supported  at  its  centre  and  loaded  at  both 
ends  with  equal  weights,  the  whole  will  be 
in  cquilibriutu,  in  whatever  direction  the 
line  be  turned  round  the  point  at  which  the 
central  force  acts,  whether  the  line  be  in 
the  position  a  h,  or  in  the  position  a  b'.  Let 
•us  assume  that  the  two  points  a  and  b  are 
two  heavy  molecules,  connected  by  tbel 
straight  rigid  rod  a  by  supposed  devoid  of" 
weight ;  then  it  is  clear  that  equilibrium  must  occur  if  only  the 
point  e  be  supported,  whatever  be  the  position  of  the  line  a  b. 
The  point  c  would  be  nothing  more  than  the  centre  of  gravity  of 
the  body  consisting  of  the  two  molecules.  We  may  regard  the 
actions  of  the  forces  of  gravity  of  the  two  molecules  combined  at 
the  centre  of  gravity,  without  on  that  account  the  equilibrium  _ 
being  disturbed.    If  at  the  three  angles  of  a  rigid  triangle,  a  b  em 

(Fig.  35),  supposed  to  be  devoid  of 
weight,  three  equal  and  parallel  forces 
are  at  work,  it  is  easy  to  ascertain  the 
position  of  their  central  force.  We 
may  unite  the  two  forces  acting  at  ^ 
and  e  in  the  centre  d  of  the  line  b  «■ 
without  chsturbing  the  equilibrium^ 
and  thus  the  action  of  the  three  forces 
is  reduced  to  the  action  of  the  two 
acting   at    the    points   n  and  d.     The 
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actm^  at  d  is  twice  aa  great  oa  that  at  a ;  tfj  therefore,  we 
divide  the  line  a  d,  passing  through  the  point  wi,  into  two  parts, 
of  which  the  one  a  m\s  twice  aa  long  as  the  remaining  part  d  m, 
a  state  of  equilibrium  will  necessarily  be  established  between  the 
lei  forces  2  p  and  p,  acting  at  d  and  a,  if  only  the  point  m  be 
irted,  whatever  be  the  position  of  the  line  a  d.  But  aa  the 
acting  fit  d  is  only  the  resultant  of  the  parallel  forces  at  b  and 
e,  we  may  take  these  forces  themselves  inHtead  of  their  resultant ; 
and  thtis  it  is  clear  that  the  three  parallel  forces  acting  at  a,  b,  and 
t  must  be  in  equilibrium  if  the  point  m  be  supported,  or  if  a  force 
equal  to  3  p,  acting  in  an  opposite  direction,  be  applied  at  m, 
whate^-er  may  be  the  position  of  the  triangle  in  other  respects. 

If  we  assume  that  c,  by  and  e  are  three  heavy  molecules^  which 
must  necessarily  always  retain  the  same  relative  position  towards 
each  other,  then  the  gravity  of  these  mok-culcs  will  act  in  the  same 
manner  as  the  weights  attached  at  a,  b^  and  e,  and  it  is  e\4dent 
that  the  body  ronsisting  of  the  three  molecules  will  be  in  equili- 
brium if  only  its  centre  of  gra\*ity  m  be  supported. 

Exactly  as  we  can  demonstrate  that  two  or  three  tirmly  united 
molecules  must  have  a  centre  of  gravity,  we  can  likewise  compre- 
hend that  every  4,  5,  6,  &c.,  finnly-united  molecules  must  have 
sneh  a  centre  of  gravity,  and,  further,  that  every  solid  body  must 
have  a  fixed  point  of  that  natiu"e,  whatever  be  the  number  of 
molecules  of  which  it  is  compo&ed. 

The  only  requirement  necessary  to  the  equilibrium  of  a  heavy 
body  ia  that  its  centre  of  gravity  should  be  supported.  If, 
therefore,  the  centre  of  gravity  of  a  body  be  a  fixed  |>oint,  the 
body  will  always  be  in  equilibrium,  in  whatever  manner  we  may 
turn  it.  We  may  prove  this  by  means  of  a  homogeneous  chsc, 
made  to  revolve  round  a  horizontal  fixed  axis,  passing  through  its 
centre  of  grarity.  If  a  body  be  Mup])orted  at  a  point  that  does  not 
coincide  with  its  centre  of  gravity,  it  may  still  be  in  equilibrium, 
although  only  in  two  special  positions,  when  the  centre  of  gi-avity 
lies  vertically  above  or  below  the  point  of  support.  This  experiment 
is  also  easily  made  by  means  of  a  dii^c. 

From  these  considerations  we  may  deduce  a  method  which  will 
enable  ua  to  shoM'  by  experiment  how  to  find  the  centre  of  gravity 
of  a  body.  If  we  suspend  the  body  at  a  point  a  (Fig.  36),  the 
du'cction  of  the  tliread  supporting  it  will  pass  through  a  part  c  on 
the  margin  of  the  body.     The  centre  of  gravity  must   necessarily 
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be  in  the  line  a  c.  Now 
if  we  suspend  the  body 
at  the  ])oiut  b  (Fig.  37), 
the  centre  of  gTa%'ity 
will  be  again  in  the  line 
fif  jirolongation  of  the 
thread,  that  is,  on  the 
line  b  d.  The  centre  of 
gravity  lies,  therefore,  at 
the  point  of  intersection 
of  the  lines  b  d  and  a  c. 
It  ia  easy  to  £nd  the 
centre  of  gravity  of  homogeneous  flat  discs  by  this  method,  but  it 
i»  difficult  in  other  bodies  to  ascertain  exactly  the  line  of  prolon- 
gation of  the  thread  through  the  interior  of  the  body. 

Tlic  centre  of  gravity  of  homogeneous  bodies  of  regular  form  can 
be  decided  by  simple  geometrical  considerations. 

The  centre  of  gi*avity  of  a  straight  line  lies  evidently  in  the 
middle  of  its  length. 

The  centre  of  gravity  of  a  homogeneous  triangle  (Pig.  38)  ia 
found  by  drawing  straight  lines  from  two  of  its  angles  to  bisect 
the  opposite  sides.     The  point  of  intersection  g  of  these  two  lines 
is  the  required  centre  of  gravity.     The  tnith   of  this  assertion   is 
FIB.  38.  easily  proved,     Tlie  point  m  is  the  centre  of 

gra\ity  of  the  straight  line  b  c.  If  now  wc 
suppose  any  straight  line  drawn  parallel  with 
6  c  in  the  triangle,  it  will  evidently  be 
bisected  by  the  line  a  ?n ;  on  the  Line  a  m  he, 
therefore,  the  centres  of  gravity  of  all  the 
Unes  in  the  triangle  parallel  with  b  c;  and 
a  m  is,  80  to  speak,  a  line  of  gravity  of  the 
triangle,  and  the  centre  of  graWty  must  evi- 
dently lie  in  a  m.  This  reasoning  shows,  however,  also  that  the 
centre  of  granty  must  lie  in  the  line  ^A.vv 

The  point  ^r  is  so  sittiatcd  that  gm  =  i  a  m,  and gn  =  i  b  n. 
To  prove  this,  let  the  line  m  n  he  drawn,  it  is  evident  that 
m  n  =  i^  b  a.  fiut  the  triangles  g  m  n  and  gab  arc  similar,  and 
hence  it  follows  that  g  m: g a  =^  m  n  ;  b  a.  Consequently,  that 
gm=  i  ag. 

The  centre   of  gravity   of  a  polygon  (Fig.  39)   ia  found   by 
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dividing  the  figure  into  trianglea, 
and  then  determining  the  centre 
of  gravity  of  each  triangle.  Aa  the 
forces  acting  upon  the  centres  of 
granty  of  the  triangles  are  projwr- 
tional  to  the  area  of  the  triangles,  we 
have  only  to  seek  the  reaultant  of 
these  forces  by  the  niles  abeady  laid 
dowTi. 

The  centre  of  gravity  of  a  triangn- 
lar  pyramid  (Fig,  40)  is  found  by 
drawing  lines  from  the  angle  t  and  a 
towards  the  centres  of  gra\ity  y  and 
p*  of  the  opposite  triangles.  The 
point  of  intersection  y"  of  these  two 
lines  is  the  centre  of  gravity.  It  is 
easy  to  prove  that^y"  =  }  y  *. 

The  centre  of  gravity  of  a  cone 
(Fig.  41)  with  a  circular  base  lies  on 
the  straight  line,  joining  the  apex 
with  the  central  point  of  the  base,  and 
its  distance  from  the  central  point  of 
the  base  is  ^  of  the  whole  line. 

The  centre  of  gravity  of  a  regular 
prism,  cylinder,  or  sphere,  corres- 
ponds with  the  geometrical  centnJ 
jx>int  of  each. 

Of  Ei/uilibrium, — We  have  alresay 
seen  that  the  only  requirement  for  the 
equilibrium  of  a  solid  body  is  that  its 
centre  of  gravity  should  be  supported. 
Bat  this  condition  may  be  fulfilled  in 
various  ways,  according  to  whether 
the  bodies  are  suspended  at  fixed 
points,  or  rest  upon  points  of  support. 
Let  us  suppose  three  holes,  a,  b,  and 
c,  in  a  homogeneous  disc  (Fig.  42), 
of  wliich  the  one,  o,  passes  through  the  centre  of  gravity.  The 
disc  will  be  in  equihbrium  in  all  positions,  if  a  fixed  axis  is  made 
to  p&^  through  the  hole  a.  In  such  a  case  as  this  wc  have  an 
^^fereni  equilibrium.     If  the  axis  passes  through  the  upper  hole, 
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h,  the  equilibrium  is  stable,  for  if  we  remove  the  di»c  from  this 
position  it  will  always  tend  to  return  to  it.  If  we  turn  the  disc  a 
little  round  the  axis  A,  the  centre  of  gravity  is  moved  to  the  right 
or  left  along  the  arc  m  n;  it  is  no  longer  supported,  because  it  no 
longer  lies  vertically  below  b^  and  the  gravity  acting  upon  it  draws 
it  back  to  its  position  of  equilibrium.  If  the  axis  passes  through 
the  lower  hole,  r,  complete  etiuilibrium  is  not  estabhshed^  but 
simply  unstable  eqiiilihrinm ;  for  as  soon  as  the  centre  of  gravity  is 
in  the  least  removed  tVom  the  vertical,  passing  through  c,  instead 
of  returning,  it  descri})cs  a  semicircle  until  it  reaches  a  point 
vertically  placed  below  the  point  c. 

We  may  thus  generally  express  this  result : — A  body  attached 
to  an  axis  may  be  in  a  state  of  stable,  unstable,  or  indifferent 
equilibrium,  according  to  whether  its  centre  of  gravity  lies  below, 
or  above,  or  within  the  axis. 

Let  us  sec  what  happens  when  a  disc  is  placed  u])on  a  horirontal 
or  inclined  plane,  and  assume  that  the  disc  is  so  composed  of  lead 
PiG.  43.  Hud  wood  that  its  centre  of  gra\'ity  lies  in  the 

circle  a  b  d.  In  this  case  none  but  a  stable  or 
unstable  equilibrium  can  exist;  the  former 
when  the  centre  of  gravity  rests  at  a,  the 
lowest  point  in  the  circumference  a  6  </,  and 
the  latter  when  the  centre  of  gravity  is  at  the 
highest  point,  ft,  of  this  circle. 

If  the  same  disc  were  placed  on  an  inclined 
plane  (Fig,  44),  equilibrium  would  be  cstab* 
lishcd  if  the  centre  of  gravity  lay  in  the 
vertical  plane  p  b,  passing  through  the" 
point  of  contact.  Stable  equilibrium 
will  then  be  established  when  the  centrt; 
of  gravity  is  at  the  lowest  point  o,  and 
unstable  equilibrium  when  it  lies  at  the 
highest  point  b. 

If  we  assume  that  the  disc  is  in  a 
state  of  unstable  equilibrium,  and  were 
moved  a  little  towards  the  right  side,  it  would  roll  up  the  inclined 
plane  until  the  condition  of  stable  equilibrium  was  again  re- 
established. During  this  apparent  elevation  the  centre  of  gravity 
nevertheless  continues  to  approach  the  lowest  points. 

When  a  body  stands  upon  the  ground,  with  a  more  or  less  wide 
basCj  the  perpendicular  drawn   tlirough  its  centre  of  gravity  must 
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rioT^fc  fall    within   the   basCj    if  a   atate 

^•*   of  equilibrium    is    to    be    estab- 
lished. 

Thus  the  inclined  cylinder  would 
be  in  cquihbrium  (Fig.  45),  if  its 
height  did  not  exceed  the  shaded 
part  of  the  figure ;  but  it  must  fall 
if  its  height  were  such  that  the 
centre  of  gravity  lay  at  b. 
Tlie  broader  its  base  is,  and  the  lower  its  centre  of  gravity  lies, 
the  tirmcr  will  a  body  stand.  A  four-footed  animal  stands  firmly 
when  the  centre  of  gravity  of  his  whole  body  lies  over  the  paralle- 
logram of  which  the  four  angles  are  indicated  by  the  position  of  its 
four  feet.  If  a  man  raise  au  arm,  the  position  of  the  centre  of 
gravity  will  be  changed ;  and  if  a  bird  project  its  neck,  the  centre 
of  gravity  is  thrown  considerably  forward.  A  man  carrying  a 
weight  must  change  his  position  according  to  the  manner  in  which 
he  carriea  it.  For  instance,  if  he  bears  the  load  upon  his  back 
(Fig.  46),  he  must  bend  forward ;  if  he  carry  it  in  his  left  hand 
(Fig.  47),  he  must  incline  the  upper  part  of  his  body  to  the  right, 
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the  direction  of  the   common  centre  of  gravity  of  the 

m  body  and  the  load  would  fall  buyond  the  line  connecting 

ke  feet,  and  the  man  would  full. 

The  Balance. — ^The  common  balance  consists  essentially  of  a  rod 

called  a  beam,  which  rcvnlvra  round  a  fixed  horizontal  axis  iuHcrted 

in  its  centre.     ^\Tien  there  is   no  load  at  either  end,  the  beam 

should  he  in  a  perfectly  horizontal  position.     To  cither  end  of  the 
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beam  scale-pans  are  auspended,  which  serve  for  the  reception  of  the 
bodies  to  be  weighed.     If  both  pans  are  equally  loaded,  the  beam 
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will  retain  its  horizontal  potiitioa ;  butj  if  an  unit  of  weight  ia 
laid  upon  one  of  the  pans,  the  beam  will  incline  towards  that 
side, 

"We  will  now  inquire  how  the  conditions  above  mentioned  can 
be  satiafiod.  If  we.  first  Ruppose  that  the  scale-pans  arc  rcnmved, 
and  assume  that  the  horizontal  axis  passes  through  the  centre 
of  gravity  of  the  beam,  we  shall  have  a  case  of  iWi^wcti/ equili- 
brium, and  the  beam  will  Ijc  in  equilibrium  at  any  angle  with  the 
horizon.  Such  an  arrangement  will  not,  therefore,  fuliil  the  first 
condition,  namely,  that  the  beam  should  assume  a  horizontal 
position  before  the  pans  are  loaded.  This  condition  can  only  be 
fullillcd  if  the  centre  of  gravity  of  the  beam  lie  below  the  fulcruia. 

If  we  draw  a  line  at  right  angles  with,  and  bisecting  the  longer 
axis  of  the  beam,  this  line  must  pass  through  the  fulcrum  of  the 
beam^  and  through  its  centre  of  gravity. 

The  suspension  of  the  pans  make!*  no  cUffercnce  in  our  reusou- 
ing,  for  we  may  consider  their  weight  concentrated  at  the  point 
of  suspension,  and  that  they  thus  form  an  integral  part  of  the 
beam. 

If  we  unite  the  pointa  of  suspension  of  the  pans  by  a  straight 
line,  this  line  may  pass  through  the  fulcrum,  or  above  or  below  it. 
It  is  most  easy  to  take  into  consideration  the  first  of  these  throe 
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rliile  it  is  likewise  the  most  available  for  practical  applies- 
we  will,  therefore,  begia  with  this  case. 

"o-  '*9.  In   Fig.  49  let    a  6   be 

the  straight  line  uniting  the 

points  of  suspension  of  the 

^^\p  ^P  pans,      whose     weight     we 

■^^  8  ^.    regard  as  concentrated  at  the 

int5   a   and  h,  and  let  c  be  the  point   at  which  the   beam  is 

nded,  that  is  to  say,  the  point  of  support ;  and  s  the  centre  of 

gravity  of  the  beam.    If  equal  weights  P  are  suspended  at  a  and  b, 

the  beam  will  remain  in  a  horizontal  position ;  for  we  may  consider 

that   one   of  the   weights  acts   directly    upon   a,  and   the   other 

directly  upon  i,  and  thus  the  common  centre  of  gravity  of  the  two 

weights   P  will  correspond  with   the  jioint  c;  and  the  common 

centre  of  gravity  of  all  the  weights  suspended  at  r,  that  is  to  say, 

of  the  beam  and  of  the  weights  P,  will  meet  at  a  point  between  c 

and  8 ;  this  common   centre  of  gravity  lying  vertically  under  the 

point  of  support,  the  equilibrium  is  not  disturbed. 

If  we  apply  an  extra  weight  r  on  one  side,  the   centre  of  gravity 

the  suspended  weights,  which  we  must  necessarily  consider  as 

ncentrated  at   the  points  a  and  A,  no  longer  corresponds  with 

but  falls  on  the  Une  a  b,  in   the  direction  of  the  extra  weight, 

somewhere  towards  d.     The  common  centre  of  gravity  of  the  beam 

and  the  weights  wnll  consequently  be  upon  some  point,  w  in  the 

line  d  s ;    but   since,  while   the    beam   is   horizontal,  the  common 

centre  of  gravity  m  is  no  longer  vertically  beneath  the  ]>oint  of 

suspension  c,  the  whole  beam  must  revolve  sufficiently  around  the 

axis  c  to  fulfil  this  condition.     Hence  the  arm  c  a  will  necessarily 

me,  and  the  arm  c  b  sink.    The  angle  which,  on  the  addition  of 

a  slight  excess  of  weight  in  cither  pan,  the  beam  makes  with  an 

orizontal  line  is  termed  the  angle  of  deiiiation. 

We  shall  now  consider  the  points  that  must  be  attended  to  for 

e  constniction  of  the  balance,  in  order  to  render  it  sufficiently 

nsitive ;  that  is  to  say,  in  order  that  a  very  slight  preponderance 

of  weight  may  give  rise  to  a  large  angle  of  deviation. 

1.  The  centre  of  gravity  of  the  beam  miist  lie  as  closely  as  possible 
below  the  centre  of  suspension  ;  for  if,  in  case  (the  other  conditions 
remaining  imaltercd)  the  centre  of  gravity  s  of  the  beam  is  raised 
upwards,  then  the  point  m  will  also  be  elevated  vertically,  which 

E  evidently  produce  an  increAse  in  the  angular  de\nation  of  the 
,     A  contrivance  has  been  applied  to  good  balances  by  which 
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the  position  of  the  centre  of  gravity  ia  regulated.  A  fine  screw  is 
aj>i)licd  to  the  prolongation  of  the  line  c  »,  on  which  a  weight 
corresponding  to  circumstances  may  be  screwed  up  and  down,  by 
which  B  change  in  the  position  of  the  centre  of  gravity  is  manifestly 
effected. 

If  this  weight  were  screwed  up  so  far  that  s  corresponded 
with  c,  we  should  liavc  either  without  a  load,  or  with  an  equal 
load  on  both  sides,  a  case  of  indifferent  equilibrium  ;  were  we  now 
to  bring  an  extra  weight  r  on  one  »lde,  the  point  m  would  fall 
upon  the  line  a  b  (see  Fig.  49)  ;  that  is  to  say,  on  the  addition 
of  the  smallust  extra  weight  the  angle  of  deviation  would  become 
a  right  angle,  the  beam  would  be  completely  inverted^  and,  in 
short,  the  instrunaent  would  cease  to  be  of  any  service. 

2.  The  sensibility  of  the  balance  increases  with  t/ie  length  of  the 
beam.  If  (everything  else  remaining  the  same)  we  were  to  lengthen 
the  beam,  the  distance  c  d  would  be  proportionally  greater,  and 
the  point  m  would  thus  also  be  removed  further  from  the  line  c  9 
in  a  (Urcetion  parallel  to  a  t,  and  consequcutly  the  luie  c  m  would 
make  a  larger  angle  with  c  *,  and  the  angle  of  deviation  would  also 
increase.  (It  is  easy  to  sec  that  the  angle  m  c  s  is  equal  to  the 
angle  of  deviation.) 

3.  The  beam  must  be  as  light  as  possible.  We  may  suppose  the 
weight  of  the  loada  *2>  P-^r  acting  at  the  point  rfj  and  the  weight 
of  the  beam,  which  we  shall  designate  as  y,  united  at  s.  The 
position  of  the  common  centre  of  gravity  m  will  now  evidently 
depend  upon  the  amount  of  the  forces  acting  at  the  ends  of  the 
line  d  s.  If  the  weight  g  bH  s  and  2  P  +  r  at  rf  be  equal,  m  would 
fail  in  the  middle  of  d  s ;  but  the  smaller  g  br^omefl  in  comparison 
with  2  P-t-r,  the  more  must  m  recede  from  rf,  and  the  larger 
proportionably  will  the  angle  of  deviation  l)c.  In  relation  to 
the  two  last  points,  we  arc  confined  to  certain  limits  which 
wc  cannot  exceed,  since  too  gj*eat  a  length  of  the  beam 
would  render  the  balance  inconvenient  for  practical  purposes, 
and  too.  great  a  degree  of  lightness  would  deprive  it  of  the 
necessary  strength. 

As  a  matter  of  course,  the  gi-catest  care  must  be  had  in  the 
construction  of  the  balance  to  render  the  two  portions  of  the  beam 
of  equal  length.  As,  however,  slight  errors  cannot  be  avoided,  wc 
must  endeavour  to  correct  them  by  means  of  the  method  of 
weighing  which  is  had  recourse  to.  The  best  manner  of  proceed- 
ing in  this  respect  is  probably  the  following: — The  body  to   be 
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wdghed  ia  laid  upon  one  scale-pan,  and  eqoipoiaed  by  a  sufficient 
quantity  of  sand,  shot,  or  any  other  substance  laid  in  the  opposite 
scale-pan.  This  done,  the  body  to  be  weighed  is  then  removed, 
and  in  its  place  so  many  weights  are  substituted  as  to  restore  the 
haknce  to  equilibrium.  These  newly-applied  weights  will  give 
the  accurate  weight  of  the  body,  whether  or  not  the  arms  of  the 
beam  be  equally  long;. 

Hie  fialcmm  is  formed  of  a  steel  knife-edge,  in  order  as  much 
as  possible  to  avoid  friction,  and  the  scale-pans  are  suspended 
fromsunilar  edges. 


/ 
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CHAPTER   II. 


MOLECULAR    EQUILIBRIUM. 


We  have  already  secu  that,  in  order  to  explain  the  aggregate 
conditions  of  bodiesj  we  aKsunic  the  existence  of  molecular  forces, 
which  act  continuously  among  the  separate  particles  of  bodies. 
As  long  as  a  body  remains  unchanged  in  its  internal  condition, 
and  as  long  as  the  individual  particles  remain  not  only  at 
unchanged  distances,  but  also  in  a  relatively  unchanged  jwaition, 
the  molecular  forces  acting  among  the  inch  vidua!  particles  must 
remain  in  equilibrium.  The  equihbriura  established  between  the 
separate  particles  of  solid  bodies  is  stabley  for  a  greater  or  lesser 
force  is  necessary  to  disturb  this  condition. 

As  we  have  already  seen,  the  force  of  cohesion  preponderates  in 
solid  bodies,  holding  their  particles  together,  and  acting  alike 
against  their  displacement  and  separation  ;  it  being  necessary  to 
employ  a  greater  or  lesser  force  to  bring  about  any  such  displace- 
ment or  sepanitiuu. 

Elasticitfj. — When  the  particles  of  a  solid  body  have  been 
slightly  drawn  out  of  then'  relative  jwsition  by  an  external  force, 
the  ])reviouRly  existing  state  of  equilibrium  is  not  on  that  account 
entirely  destroyed,  for  the  particles  may  return  to  their  former 
position  when  the  disturbing  ft>rce  ceases  to  act.  This  property  of 
bodies,  by  means  of  which  the  molecules  retura  to  their  former 
position  when  the  displacement  occasioned  by  an  external  force  does 
not  exceed  certain  limits,  wc  term  ehsticity.  The  elasticity  of 
solid  bodies  proves  that  the  molecules  arc  in  a  state  of  stable 
equilibrium,  since  it  is  only  under  such  circumstances  that  a  body 
returns  to  its  position  of  rest,  when  the  external  disturbing  force 
has  ceased  to  act.  All  bodies  are  not  equally  elastic :  there  are 
some  which  perfectly  assume  their  former  position  after  even  a  very 
considerable  amount  of  displacement,  and  such  bodies  are  especially 
termed  clastic,    as,    for   instance,  india-nibber,  steel,  and  ivory  ; 
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the  contrary,  as  lead,  glass,  &c.,  are  only  elastic  to  a 
limited  degree,  not  being  able  to  bear  any  great  displacement  of 
their  particles  without  the  previous  condition  of  equilibrium  being 
disturbed. 

The  displacement  of  the  particles  may  either  bo  occasioned  by 
tension,  compression^  or  rotation. 

When  a  proportionately  large  power  is  necessary  to  produce  a 
displacement  of  the  particles  of  a  body,  we  term  the  latter  hard, 
A  body  may  be  both  hard  and  elastic,  as  is  the  case  with  ivory 
and  steel ;  glass,  on  the  contrar}',  is  hard,  and  but  slightly 
ekadc. 

A  body  whose  particles  can  be  removed  by  an  inconsiderable 
is  called  soft.  Soft  bodies  may  be  clastic,  as  india-rubber  : 
or  they  may  possess  merely  a  small  degree  of  elasticity,  as  is  the 
ease  with  moistened  clay.  The  aggregate  condition  of  such  soft 
bodies  may  in  some  measure  be  considered  as  an  intermediate  state 
between  perfect  solidity  and  perfect  fluidity. 

If  the  particles  of  a  body  are  displaced  beyond  the  limits  of 
elasticity,  the  connection  hitherto  existing  between  them  either 
ceases  entirely,  or  the  molecules  arrange  themselves  in  a  new 
condition  of  stable  equilibrium.  In  the  first  case  we  call  the  bodies 
brittUj  in  the  nest  ductile.  The  external  form  of  brittle  bodies 
cannot  be  permanently  changed  by  pressure,  blows,  &c. ;  a  perfect 
separation  following  when,  by  means  of  such  external  causes,  the 
molecules  are  displaced  beyond  certain  limits;  the  form  of  ductile 
bodies  can,  however,  be  permanently  changed  by  such  mechanical 
means  as  we  see,  for  instance,  in  the  stamping  of  coins.  / 

Strength., — ^The  force  with  which  a  body  resists  the  separation  of 
its  particles  is  termed  its  strength. 

The  connection  existing  between  the  individual  portions  of  a 
•oUd  body  may  be  removed  by  tearing,  breaking,  twisting,  or 
compressing  it. 

Absolute  Strength  is  the  force  by  which  a  body  resists  being  torn 
asunder  when  it  is  stretched  lengthways.  This  resistance  evidently 
depends  upon  the  diagonal  section  of  the  body  to  be  severed,  and 
is  proportional  to  it,  for  the  connection  of  two,  three,  four  times 
as  many  molecules  must  be  removed  if  the  diagonal  section  or  area 
of  a  body  be  increased  twice,  thrice,  or  four  times.  In  order, 
therefore,  easily  to  compare  the  absolute  strength  of  different 
materials,  we  must  assume  some  unit  for  this  area,  and  then 
ascertain  how  great  n  force  is  required  to  rend  a  body,  the  area  of 
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which  is  equal  to  this  unit.  If  the  area  of  the  body  submitted  to 
the  experiment  be  greater  or  smaller  than  the  area  assumed  as  the 
unit,  the  strength  may  be  reduced  to  the  measure  of  that  unit. 

Mmchenbroek  has  made  numerous  experiments  concerning  the 
absolute  strength  of  different  bodies.  The  following  table  giA'es, 
according  to  his  calculatious,  the  weight  required  to  break 
a  rod  of  different  bodies  whose  diagonal  section  is  one  square 
centimetre ; — 


Linden  wood 

. 

. 

918 

kilogrammes. 

Fir  {Pimis  ftilvcstris) 

. 

1021 

» 

Whitepme  (Pinus  abiea) 

601  to 

929 

» 

Oak     ...         . 

1150  to 

1466 

* 

Beech 

1349  to 

1586 

1 

Ebony 

« 

934 

1 

Copper  wire 

. 

2782 

I 

Brass  wire     . 

, 

3550 

ti 

Gold  wire 

,         , 

46-15 

*$ 

Lead  ^^ire 

,         , 

272 

ft 

Tin  wire 

, 

457 

n 

Silver  wire    . 

. 

3411 

t) 

Iron     . 

,         . 

4182 

n 

White  glass 

142  to 

233 

tt 

Rope 

850  to 

620 

9t 

iie  ffrcat  variation  t 

»crccntih 

Ic  in  the 

strcnet 

h  of  re 

pe  dei 

upon  the  unequal  character  of  the  material  of  which  it  is  made. 
Thin  ropes  are  proportionally  stronger  than  thick  ones,  from  being 
made  of  better  hemp.  Ropes  have  less  firmness  when  wet  than 
when  dry. 

It  will  be  most  safe  to  assume  for  practical  purposes  that  metals 
possess  only  i ,  and  wood  J,  of  the  absolute  strength  ascribed  to 
them  in  the  above  table. 

The  force  which  a  body  opposes  to  the  process  of  breaking  is  its 
relative  streugth.  In  order  to  break  a  body,  the  force  must  be 
applied  at  right  angles  to  the  directions  of  its  long  axis ;  the  body 
to  be  broken  being  supported  only  at  one,  or  at  both,  of  its 
extremities. 

Fig.  50  represents  a  prism,  which  is  fastened  at  one  end 
into  a  solid  wall,  while  at  the  other  extremity  is  attached  the 
weight  Q  to  break  it.  If  K  represent  the  absolute  strength,  that 
is,  the  force  with  which  the  body  resists  the  force  endeavouring  to 
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"^    ^^'  (iosiroy  it  and  acting  upon  it  in  its 

long  axis,  we  may  suppose  thia  force 

concentrated  at  the  centre  of  grauty 

.¥   of  that    diagonal    section    which 

corroajKindft  with   the  plane  of  the 

Kolid  wall.     The  weight  Q  manifests 

an   effort  to  turn   the  whole   body 

round  the  under  edge  of  the  prinm ; 

nnd  thus  acts  at  the  arm  a  b,  while 

the   resistance  apphcd  at  $  acts  at 

the  arm  a  f :  if  now  the  resistance 

shall  exactly  counterpoise  the  force, 

the  rc&i&tance    K  must  be  inversely  to  the  force  Q  as  the  arm 

a  I  is  to  the  arm  a  b.     If  the  height  of  the  beam  be  represented 

by  A,  a  «  =  ^  h,  and  if  the  length   a  b  he  rcprcKiuited  by  ^  we 


The  amount  of  strength  K  with  which  the  body  resists  iK'ing 

imt  asunder  depends  upon  the  diagonal  section  of  the  beam.     If 

we  let  k  represent  the  absolute  strength  fur  one  diagonal  section  of 

e  square  centimetre,  while  h  is  the  height  and  A  the  breadth  of 

beam,  then 

K  =  khh, 
d  therefore. 

From  this  formula,  we  see  that  the  force  necessary  to  break  the 
y  varies  in  a  direct  ratio  with  the  breadth  and  the  square  of 
the  height,  and  inversely  with  the  length. 

If  a  l)eam  be  supported  in  the  middle  by  a  sharp  edge  (Fig.  51,) 

no.  51.  and  be  loaded  at  both  its  extremities 

with  equal  weights  P,  there  will  exist 

a  tendency  to  break  the  beam  at  its 

centre;  in  order  to  effect  this,   the 

weight  P  acting  at  each  end  must  bo 

twice  as  great  as  the  weight  Q,  which  ulu^<t  be  applied  to  the  end 

the  same  beam  if  projected  its  whole  length  from  a  solid  wall, 


K^ 


w°^ 


1 


I 


a 
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as  in  Pig,  50,  since  the  weight  P  acts  upon  a  lever  only  half  th 
length  of  that  supporting  the  weight  Q. 

The    pressure   which  has  to  be  supported  in  the    middle 
evidently  2  P, 


I 


no.  53. 


If  the  beam  be  sup- 
ported at  each  end  as  in 
Fig.  52,  we  may  break  it 
by  attach  ing  a  weight 
2  P  to  the  middle.  As 
P  =  2  Qj  we  must  apply,  in  order  to  break  a  beam  supported  at 
each  end,  a  force  four  times  as  great  as  would  be  necessary  to 
break  it  if  it  projected  its  whole  length  firom  a  solid  wall,  and  the 
force  acted  upon  the  free  end.  The  force  necessary  for  breaking  it 
is  therefore 

b  k\ 


4>k 


ST 


By  the  length  of  the  beam  we  understand,  in  the  one  case, 
part  projecting  from  the  wall ;  and  in  the  other,  the  portion  1 
between  the  two  points  of  support. 

We  have  not  taken  into  consideration  in  our  calculations  that  the 
beams  bend   before   they   entirely   break.     By  this  bending,  the 
relative  strength  is  considerably  modified,  so  that  the  value  of  the 
relative  strength  computed  according  to  the  above  formulae,  from 
the  known   absolute   strength,  may   vary  considerably  from   the 
reality.     But,  if  these  formulae  do  not  serve  to  compute  directly 
the  amount  of  the  relative  strength,   they  yet  serve  for  a  com- 
parison  of  the  relative    strengths    of    beams    and    rods,    whcn^j 
formed  of  the  same  material,  but   of  different  dimensions;   for^^| 
however  the  amount  of  the  absolute  strength  may  be  modified  by^^ 
flexibility,  it  is  always  directly  proportionate  to  the  breadth  and 
square  of  the  height,  and  inversely  so  to  the  length  ;  therefore,  in 
the  formula 

nothing  is  changed  by  the  flexibility  but  the  value  of  the  constant 
factor  k,  which  must  be  replaced,  not  by  the  value  of  the  absolute 
strength  taken  from  the  above  tables,  but  by  another  factor,  which 
must  be  obtained  by  experiment  for  each  material.  Experiments 
show  that  the  force  necessary  to  break  a  beam  is  four  times  as 
small  as  is  given  by  the  above  fomuilse,  if  we  substitute  for  *  the 
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htr  indicating  the  absolute  strength.  The  influence  exercised 
by  flexibility  upon  the  relative  strength  \h  also  proved  from  this, 
that,  if  a  beam  rests  freely  on  both  its  extremities,  it  may  be  broken 
by  a  weight  suspended  at  its  centre,  only  half  the  amount  of  tbat 
aeeeasary  to  break  it  vrhen  it  is  fixed  at  both  ends,  and,  conse- 
qneotly,  incapable  of  yielding. 

In  woods,  the  direction  of  the  fibres  has  naturally  also  much 
influence  upon  the  strength. 

Adhesion. — The  same  force  which  holds  together  the  particles  of 

solid  body,  acts  also  in  holding  together  the  particles  of  two 
ies  already  separated,  if  we  are  able  to  bring  them  within  a 
enlly  iutimate  contact  with  each  other.  Thus  plates  of 
rs,  which  arc  laid  closely  one  upon  another  after  being 
pohshed,  often  adhere  so  tightly  that  they  cannot  be  separated 
without  breaking.  In  the  same  manner  t^'o  plates  of  lead,  when 
pressed  together,  will  adhere  almost  na  closely  as  if  they  formed 
one  single  mass,  provided  always  that  the  surfaces  bronght  in 
contact  are  perfectly  smooth  and  metallic. 

The  force  thus  connecting  two  bodies  is  termed  the  force  of 
adhesion* 

Adhesion  is  manifested  not  only  between  homogeneous,  but  also 
between  heterogeneous,  bodies.  Thus  a  plate  of  lead  and  a  plate 
of  tin,  or  a  plate  of  copper  and  a  plate  of  silver,  combine  to  form 
an  almost  inseparable  whole,  when  their  polished  surfaces  are 
compressed  by  a  heavy  cylinder.  The  adhesion  of  heterogeneous 
bodies  is  most  strongly  manifested  when  a  iluid  is  brought  in 
contact  with  a  solid  body ;  and  the  former  is  solidiHed  by  the 
cooling  or  evaporation  of  the  dissolving  medium,  as  we  see 
exemplified  in  the  processes  of  pasting,  gluing,  and  cementing.  It 
often  happens  on  joining  together  two  pieces  of  glass  with  sealing 
wax  that  on  tearing  the  whole  asunder,  pieces  are  separated  from 
the  glass,  instead  of  the  glass  being  severed  from  the  wax.  If  we 
rub  a  plate  of  glass  with  glue,  the  two  substances  often  adhere  so 
closely  together  that  portions  of  the  former  will  be  torn  away  on 
the  contraction  of  the  glue  in  drying. 

If  two  bodies  having  smooth  surfaces  lie  one  upon  the  other, 
any  attempt  to  push  the  one  beyond  the  other  will  be  opposed  by 

e  force  of  adhesion,  which  shows  that  this  latter  force  has  a  share 
the  resistance   of  friction,  which  opposes  itself  wherever   two 
bodies  gUde  over  each  other,  or  where  one  body  rolls  o^  er  another. 
We  shall  subsequently  treat  more  fully  of  friction. 

E   2 
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Crystailisation, — If  a  body  pass  from  a  fluid  or  gaseous  form  to 
a  solid  condition,  the  change  is  owing  to  the  preponderance  of  the 
cohesive  force,  which  fixes  the  hitherto  moving  particles  in  a 
rehitively  definite  position.  In  this  transition  to  a  solid  condition 
we  see  a  tendency  throughout  all  natiu'C  to  produce  a  regular 
arrangement  of  the  molecules,  and  the  force  exercising  this 
tendency  in  inorganic  nature  is  crystallization. 

Crystals  arc  such  solid  bodies  as  have  a  regular  form  limited  by 
plane  surfaces.  In  nature  we  find  a  number  of  these  crystals : 
for  instance,  quartz,  calcareous  spar,  heavy  spar,  topaz,  garnet, 
&c.,    are  often  found  beautifully  crystallized. 

A  body  almost  always  assumes  the  crystalline  form  on  passing 
from  a  fluid  to  a  solid  condition.  This  transition  is  effected  either 
by  the  cooling  of  a  melted  body,  or  by  separation  from  a  solution. 

If  we  pour  melted  bismuth  into  a  warmed  cup,  a  sohd  crust  will, 
after  a  time,  be  formed  upon  the  upper  surface.  If,  now,  we 
punctiuTR  this  crust,  and  pour  off  the  remaining  fluid  metal,  we 
obtain  large  cubic  crystals,  measuring  several  lines  in  length,  and 
filling  up  the  cavity  which  is  formed  by  the  cooled  and  solid 
crust. 

Wc  may  obtain  crystals  from  a  melted  mass  of  sulphur  in  a 
similar  way. 

On  attentively  observing  a  portion  of  water  in  the  act  of  freezing:, 
we  sec  dcUcatc  needles  of  ice  forming,  and  every  moment  spreading 
and  ramifying.  It  is  true  that  we  seldom  see  such  regular  crystal- 
line formatiuus  in  ice  as  in  Know,  but  still  it  is  sufficiently  evident 
that  the  formation  of  ice  is  a  process  of  crystallization. 

Many  bodies  dissolve  in  fluids,  as,  for  instance,  in  water ;  but 
only  a  definite  quantity  of  any  substance  will  dissolve  in  a  definite 
quantity  of  water,  although  more  is  generally  dissolved  in  hot 
than  in  cold  water.  If  a  solution  be  saturated  at  a  high  tempera- 
ture, that  is,  if,  for  instance,  as  much  alum  has  been  put  into 
warm  water  as  the  definite  quantity  of  the  liquid  will  dissolve,  the 
whole  mass  of  salt  will  not  remain  wholly  dissolved  on  cooling,  but  ■ 
a  portion  will  be  again  deposited,  and  in  the  form  of  regular 
crystals.  Crystals  will  likewise  be  formed  when  the  water 
gradually  evaporates  &om  a  saturated  solution.  M 

Crystals  are  not  separated  from  aqueous  solutions  only ;  sulphur,  " 
for  instance,  dissolves  in  bisulphuret  of  carbon,  chloride  of  sulphur, 
and  oil  of  turpentine ;  and  we  may  obtain  beautiful  transparent 
crystals  of  sulphur  from  these  solutions. 
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Tlie  slower  the  cooling  or  evaporation^  the  larger  and  more 
regnlar  will  the  crystals  be.  In  rapid  crystallization  small  crystals 
are  fonned  which  mute  tt^ether  in  irregular  gronps,  in  which  we 
em  acarcdy  recognise  the  crystalline  outline. 

Every  sabstance  has  its  own  form  of  crystallization.  Thus,  for 
inrtancej  the  form  oi  qoartz  is  different  from  that  of  alum,  and 
this  latter  varies  again  from  that  of  sulphate  of  copper  (blue 
vitriol). 

The  investigation  into  the  laws  of  symmetry  which  are  found  to 
ausi.  between  the  separate  sur&ces  of  crystals^  as  well  as  the 
description  of  crystalline  forms  in  particular^  are  subjects  which 
bekmg  to  the  province  of  Cry»taUography. 
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CHAPTER  IIL 


BTDB08TATICB,   OR    THE    THEOST    OF    THB    EQUliaBEiVM 
OF    LIQUIDS. 

Hydrostatics  treat  of  the  conditions  of  eqailibrium  in  liquid 
bodies^  and  of  the  pressure  -which  they  exercise  upon  the  walla 
of  the  vessels  in  whicli  they  a.te  contaiued. 

The  properties  of  liquid  bodies  arc  dependent  upon  two  forces, 
namely,  on  gravity,  which  acts  upon  them  as  upon  all  other 
bodies;  and  on  molecular  attraction,  the  action  of  which  is  so 
modified  in  them  as  to  give  rise  to  their  liquid  condition.  We  may 
easily  separate  in  our  minds  the  actions  of  these  two  forces,  for  we 
may  form  a  conception  of  a  mass  of  water  devoid  of  weighty  _ 
although  not  ceasing  to  be  fluid.  I 

Such  a  masa  !eft  to  itself  would  not  fall ;  it  is  evident  that  to  be 
at  rest  it  neither  requires  to  be  supported  from  below   nor  to  be 
contained  in  any  vessel.     In  this  conation  the  fluid  might  sustain  ■ 
and  propagate  a  pressure  according  to  a  law  which  we  will  at  once 
consider. 

Principle  of  the  eqwility  of  pressure, — Fluids  have  the  properttf 
of  regularly  propagating  to  all  parts  the  pressure  exercised  upon  a 
portion  of  their  Surface, — This  principle  is  a  physical  axiom  j  and, 
if  it  be  not  necessary  to  prove  it^  we  might  at  any  rate  make  it  ■ 
intelligible. 

Let  abed  (Fig.  5S)  represent  a  vessel  con- 
taining a  liquid  supposed  to  be  devoid  of  weight ; 
/7  is  a  solid  plate,  completely  covering  the  upper 
surface  of  the  fluid,  which  we  will  also  suppose 
to  be  devoid  of  weight.  If  the  fluid  is  not 
pressed  upon  by  any  weight,  it  evidently  cannot 
suffer  any  pressure,  and  we  might  bore  the 
vessel  at  any  spot  without  the  fluid  escaping.  But  as  soon  as  we 
load  the  plate  with  a  weight,  say,  for  instance,  100  lbs.,  it  will 
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manifest  a  tendency  to  sinki  and  would  sink  if  the  fluid  did  not 
bmder  it  firom  doing  »o.  The  fluid,  whether  compressible  or  not, 
must  now  support  the  100  lbs.  The  upper  surlace  x  will,  therefore, 
support  the  whole  pressure,  and  would  necessarily  be  pressed 
dmniy  if  it  were  not  kept  up  by  the  layer  y.  The  layer  x  presses 
iccordingly  upon  the  layer  y  with  the  same  force  with  which  it  is 
pressed  by  the  plate.  Thus  the  layer  y  presses  upon  the  next  one 
»,  and  in  the  same  manner  the  pressure  is  conveyed  to  the  bottom, 
which  is  itself  pressed  upon,  as  if  the  plate  rested  immediately 
npon  it.  As  now  the  whole  bottom  sustains  a  pressure  of  one 
hondred  pounds,  it  ia  evident  that  the  half  of  the  surface  of  the 
bottom  will  bear  only  a  weight  of  fifty  jwunds,  and  the  hundredth 
part  of  the  same  surface  only  one  pound.     Hence  it  follows : — 

1.  That  the  pressure  is  communicated  from  above  downward  to 
horizontal  surfaces  x^-ithout  diminution. 

2.  That  it  is  equal  at  all  points. 

8.  That  it  is  proportionate  to  the  extension  of  the  surfaces 
eonsidered. 

The  same  occurs  with  regard  to  the  lateral  surfaces.  If  we  were 
to  make  an  opening  in  the  lateral  wall,  the  water  would  gush 
forth ;  and  if  we  were  to  cut  out  of  the  wall  a  piece,  the  surface  of 
which  should  equal  that  of  the  plate,  we  must  have  a  counter 
proware  of  one  hundred  |X)unds.  If  the  plate  itself  bad  an 
openings  the  water  would  gush  forth  from  it,  by  which  it  is 
evident  that  the  under  surface  of  the  plate  is  pressed  uf>on,  exactly 
the  same  as  all  the  other  portions  of  the  walls.  Fluids,  therefore, 
communicate  a  pressure,  exercised  upon  any  part  of  their  upper 
surface,  equally  in  all  direetions.  If  we  once  imderstand  this 
principle  with  regard  to  fluids  devoid  of  weight,  it  can  easily  be 
afiplied  to  hea\*y  fluids  on  each  molecule  of  which  a  pressure  is 
exercised,  arising  from  their  own  proper  gravity. 

The  Hydraulic  Press  depends  upon  the  uniform  communication 
of  pressure  by  fluids,  and  consists  of  two  main  parts,  a  sucking 
and  forcing  pump,  which  exercise  the  pressure,  and  a  piston  with 
a  plate  to  receive  the  preseurej  and  convey  it  to  the  bodies  to  be 
pressed- 

Fig.  54  is  a  section,  and  Fig.  55  a  complete  representation  on  a 
small  scale  of  the  hydraulic  press.  The  piston  a  is  raised  by  the 
levers  /,  and  the  water  of  the  reservoir  b  pressing  through  the  per- 
forated vessel  r  lifts  the  ^'alve  i,  and  thus  gets  beneath  the  piston  s. 
If  we  prcas  down  the  lever  /,  the  piston  8  goes  down,  the  water  is 
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forced  backj  cloat-s  the  valve  t,  raises  the  valve  d,  and  runs  through 
the  tube  (  b  u  into  the  cylinder  c  c'  of  the  press :  here  it  preasei) 
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against  the  piston  /»,  which  it  hfts  with  the  j>Iatc/j,  and  thus  the 
body  to  be  acted  on  is  compressed  between  p'  and  the  fixed 
plate  e.  ■ 

The  efficiency  of  the  hydraulic  press  rests  upon   the  principle 
that  fluids  communicate  every  pressure  equally  in  all   directions. 
If  the  piston  s  lie  pressed  down  by   any  force,  each  portion  of  the  ■ 
surface  nf  the  walls  of  the  vessel,  which  is  equal  tt^  the  iliagonal 
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don  of  the  piston,  has  to  sustain  an  equal  pressure.  But  now 
we  may  regard  the  under  surface  of  the  piston  p  as  a  part  of  the 
wall  of  the  vessel ;  therefore,  ss  many  times  as  the  diagonal  section 
of  the  piston  p  is  grcfltcr  than  the  dia^nal  section  of  the  piston  s, 
«o  many  times  will  the  force  with  which  the  piston  p  is  elevated  be 
?ater  than  the  force  with  which  the  small  piston  is  depressed. 
If  the  area  of  a  section  of  the  piston  s  is  -rintth  of  the  art*a  of  the 
m  Pj  then  p  will  be  elevatwl  with  a  force  of  100  poundnj  if  s 
pressed  by  a  force  of  one  pound.  But  with  the  help  of  the  lever 
a  man  may  easily  exercise  a  pressure  of  300  pounds  on  the  piston 
and  therefore  raise  the  piston  p  with  a  force  of  30,000  pounds. 
A  portion  of  the  force  applied  to  the  lever  /  is  lost  by  the 
listance  of  friction  before  it  is  transmitted  to  the  piston  p  •  the 
tect,  therefore,  will  always  be  less  than  what  it  should  be 
Rccordinfir  to  the  above  considerations. 

Eqttilibrium  of  heavy  Fluids. — Two  conditions  must  be  fulfilled 
in  order  that  liquid  bodies  should  be  in  equiUbrium.  First,  their 
free  surfaces  must  be  at  right  angles  with  the  direction  of  gravity ; 
and  secondly,  the  forces  of  pressure  acting  on  each  particle  must 
always  be  equal  and  opposed,  the  one  to  the  other. 

If  wc  assume  that  the  ujipcr  surface  of  the  fluid  is  not  at  right 
jlea  with  the  direction  of  gravity,  but  takes  such  a  form  as  a  A 
no.  56.  «  d  (Fig.  56),  we  may  suppose  an  inclined  plane 

laid  through  any  two  points,  b  and  e ;  a  portion 
of  the  fluid  lies  on  this  inclined  plane,  and  must 
necessarily  glide  off  from  the  easy  displacement  of 
the  particles.  This  will  continue  until  the  whole 
upper  stu'facc  is  every  where  at  right  angles  with 
the  direction  of  gravity. 

If  we  apply  this  to  the  upper  surface  of  the  sea, 

which  we  will  consider  as  perfectly  at  rest,  it  is 

Icar  that  if  the  force  of  gravity  alone  acts,  and  is  always  directed 

»wards  the  central  point  of  the  earth,  the  superficies  of  all  seas 

lust  be  portions  of  a  spherical  surface,  and  that,  therefore,  the 

surfaces  of  seas  connected  together  must  be  equally  remote  from 

,this  central  point. 

the  molecules  are  attracted  by  other  forces  than  terrestrial 
ivity,  we  may  easily  understand  that  their  free  surfaces  must  be 
right  angles  to  the  resultant  of  gravity,  and  all  the  other  simul- 
taneously acting  forces.  As  the  centrifugal  force,  which  depends 
m   the  rotatory  movement  of  the  earth,    continually    acts  with 
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grevity  upon  all  bodies,  the  upper  surface  of  the  waters  must 
assume  such  a  position  as  to  be  at  right  angles  with  the  resultant 
of  bfith  forces.  Tins  is  also  the  reason  that  the  sea  is  flattened  at 
the  poles.  At  the  foot  of  great  mountains  which  cause  the  plum- 
met to  diverge,  the  surface  of  the  water  also  deriate-s  from  the 
regular  form.  In  the  same  way  the  attractive  force  of  the  moon^ 
which  acts  upon  the  water,  combines  with  gravity  to  create  a 
resultant  which  is  not  vertical.  The  moving  surface  of  the  sea 
always  strives  to  attain  to  a  position  of  equilibrium,  which  h 
constantly  disturbed  by  the  motion  of  the  moon,  and  hence  the 
periodical  oscillations  of  ebb  and  flow.  ■ 

We  also  observe  deviations  from  the  normal  surface  in  £uids  , 
enclosed  in  vessels :  thus  water  in  a  glass  is  not  even  over  its  whole 
surface,  but  rises  around  the  margin ;  the  surface  of  mercuiy,  on 
the  contrary,  is  depressed  at  the  sides,  as  if  it  dreaded  coming  in 
contact  with  the  walls  of  the  vessel.  These  phenomena  depend 
upon  the  laws  of  capillary  attraction,  which  we  purpose,  subse- 
quently, to  consider  more  fully* 

The  second  condition  of  equilibrium  is  self-evident,  for  the 
molecules  that  arc  in  the  interior  of  the  fluid  sustain  a  prcss:ure 
from  all  the  other  molecules  lying  over  them,  which  they  transmit  y 
in  all  directions.  But  if  the  various  pressures,  acting  in  different  | 
directions  upon  one  molecule,  were  not  equal,  it  w(mld  be  displaced 
by  the  strongest  pressure,  and  consequently  the  fluid  mass  would 
not  be  in  eqiiihbrium.  ■ 

Pressure  of  Fluids, — If  fluid  masses  are  in  a  state  of  equilibrium, 
they  exercise  upon  themselves  and  on  all  solid  bodies  which  they 
touch,  a  more  or  less  considerable  pressure,  the  amount  of  which 
wc  will  now  determine.  In  the  first  place  we  will  cxamitie  the 
pressure  exercised  from  above  downwards,  or  from  below  upwards, 
on  horizontal  surfaces,  and  then  the  pressure  acting  upon  the 
lateral  surfaces. 

The  pressure  exercised  by  a  fluid  from  above  downward  on  the 
bottom  of  the  vessel  in  which  it  is  contained  \»  quite  independent 
of  the  form  of  the  vessel,  and  is  always  equal  to  the  weight  of  a 
column  of  the  fluid,  whose  base  is  the  bottom  of  the  vessel,  and 
whose  height  is  the  vertical  distance  from  the  bottom  to  the  surface 
of  the  fluid. 

The  flrst  part  of  this  assertion  is  easily  proved  by  help  of  the 
following  apparatuet  : — The  apparatus  (Fig.  57)  consists  of  a  bent 
tube,  a  b  c  fastened  in  a  box,  and  so  arranged  that  vessels  of 
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Afferent  form,  as  those  at  d  efg  (Piga.  68,  59,  and  60),  may  be 
icrewed  on  at  a.     Wc  pour  mercury  iuto  the  tube,  and  with  the 

"»•  *?•  no.  58.        no.  59.       no,  60. 


help  of  a  moving  index  indicate 
the  height  n  to  which  the  mer- 
cury rises  in  the  arm  c.  If  now 
I  he  cj^lindrical  vessel  d  be  screwed  on  at  a,  and  filled  with  water 
to  a  detinite  height  h,  the  mercury  will  rise  in  the  tube  c  to  a 
height  p^  which  we  must  mark.  The  rising  of  the  mercury  n  p 
evidently  depends  upon  the  pressure  exercised  by  the  water  in  the 
vessel  d  upon  the  siirface  of  mercury  which  forms  the  true  bottom 
the  vessel.  MTien  this  has  been  duly  observed,  we  empty  the 
1  d  by  the  help  of  the  cock  r,  and  screw  on  in  its  place  either 
vessel  e,  widened  at  its  upper  margin,  or  /,  tapering  off 
towards  the  top.  If  we  fill  these  vessels  with  water,  as  high  as  we 
before  did  the  vessel  rf,  the  mercury  in  the  tube  c  will  again  rise 
exactly  to  the  height  /?.  The  pressure,  therefore,  which  the 
bottom  of  these  three  differently  sha]>cd  vessels  bears  is  precisely 
the  same,  if  only  the  height  of  the  fluid  be  the  same.  The 
pressure  on  the  bottom  is,  therefore,  as  wc  before  observed, 
independent  of  the  form  of  the  vessel,  and  only  dejiends  upon  the 
siie  of  the  bottom,  the  height  and  nature  of  the  fluid.  The 
pressure  is  the  same,  whether  the  vessel  be  cylindrical,  contain 
much  (Fig.  61)  or  little  (Fig.  62)  fluid,  be  rectangular  (Fig.  63) 
ox  inclined  (Fig.  64).     In  order  to  prove  the  second  part  of  the 
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proposition,  it  will  suffice  to  remark,  tbat  the  bottom  of  the  cylin- 
drical vessel  (Fig.  62)  must  bear  the  whole  weight  of  the  tluid,  for, 
as  the  lateral  walls  are  vertical,  they  are  incapable  of  supporting  - 
the  least  part  of  the  weight  of  the  fluid.  As,  now,  the  bottoms  of  ■ 
the  inclined  vessels,  whether  they  are  widened  or  contracted  at 
their  upper  margin,  sustain  the  same  weight,  it  fuliows  that  in 
these  vessels  the  pressure  is  no  longer  equal  to  the  weight  of  the 
fluid  they  contain,  but  is  equal  to  the  weight  of  a  straight  column 
of  water  having  the  same  surface  and  height.  As  all  parbi  of  the 
bottom  are  pressed  upon  with  equal  force,  it  is  clear  that  the  half, 
the  third,  fourth  part,  Sec,  must  sustain  ^,  |,  \  of  the  whole 
pressure.  If  we  designate  by  ^  the  portion  of  the  bottom,  we  are 
considering  by  A  the  height  of  the  smooth  surface,  and  by  d  the 
density  of  the  fluid ;  the  pressiure  upon  the  surface  «  is  equal  to 
8  X  h  X  df  (or  8  X  h  w  the  volume  of  the  straight  column  of 
fluid,  and  in  order  to  obtain  the  weight  wc  must  multiply  the 
volume  by  the  density. 

M'^ith  a  litre*  of  water  weighing  a  kilogramme,t  we  may  there- 
fore exercise  a  very  small,  or  any  unliiiiitRbly  large  amount  of 
presBUi'e  upon  the  bottom  of  a  vessel.  If  the  pressure  upon  the 
bottom  is  to  be  exactly  one  kilogramme,  we  must  take  a  straight 
cylindrical  vessel  of  any  base  wc  choose,  when  the  combined 
pressure  upon  the  whole  surface  will  always  be  one  kilogramme ; 
only  the  pressure  which  each  square  centimetre  of  the  bottom  has 
to  sustain  will  be  large  or  smaller,  as  the  vessel  is  wider  or 
narrower. 

If  we  would  exercise  upon  the  bottom  of  the  vessel  a  pressure 
of  tV  of  a  kilogramme  with  one  kilogramme  of  water,  we  might 
take,  for  instance,  a  vessel  whose  bottom  should  measure  a  square 
decimetre,  and  which  was  so  widened  towards  the  top,  that  a  litre 
of  water  would  only  fill  it  to  the  height  of  one  centimetre. 

If  the  pressure  was  to  amount  to  ten  kilogrammes,  wc  might 
take  a  vessel  of  the  same  base  (one  square  decimetre)  so  narrowed 
towards  the  top,  that  a  litre  of  water  would  rise  in  it  to  the  height 
of  ten  decimetres. 

With  a  similar  weight  of  one  kilogramme  of  water,  we  might 
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with  equal  ease  ercrdse  a  prcsitareof  f^,  j„\„  Sec.  part  of  a  kilo* 
gnmme,  as  one  of  100,   1000,  &c.  kilogrammea.     Tlie  pressure 
fluids  acts  not  only  on  the  bottom  of  the  vessel,  but  upon  every 
»mt  in  the  interior  of  the  fluid  maes.   If  we  assume  in  the  interior 
no.  65.  of  a  fluid   man  a  stratum  m  p  parallel  with  the 

surfacCj  all  the  molecules  of  this  stratum  will 
evidently  be  pressed  upon  by  the  fluid  over  it, 
bearing  the  weight  of  the  fluid  cylinder  n  v  mp. 
The  stratum  must,  however,  sustain  an  equal  pros* 
sure  in  an  opposite  direction  from  below  upwards. 
If  now  we  consider  a  part  a  b  of  the  said  stratum, 
we  find  that  the  weight  of  the  fluid  column  abed  presses  upon  it 
from  above  downward,  while  an  equal  force  acts  from  below 
apwards.  If,  therefore,  we  immerse  a  solid  cylinder  in  the  fluid, 
its  base  will  have  to  support  a  pmsore  from  below  which  Btr^Ts  to 
raise  it. 

This  may  be  proved  by  the  following  experiment : — Take  a 
somewhat  wide  glass  tube  p  (F*ff-  ^)i  whose 
lower  mar^n  has  been  smoothly  polished :  i 
is  a  perfectly  hmooth  glass  disc,  secured  in  its 
centre  by  a  thread  passing  through  the  tube, 
so  that  by  drawing  the  thread,  the  disc  may 
!k:  made  entirely  to  close  the  opening  of  the 
tul>c.  When  secured  in  this  manner,  we 
immerse  the  tube  in  the  water.  Now,  it  is 
no  longer  necessary  to  draw  the  thread  in 
to  prevent  the  falling  of  the  disc,  for  it  is  pressed  upwards 
the  fluid.  If  we  pour  water  into  the  tube,  the  glass  disc  will 
&11  by  its  own  weight  aa  soon  as  the  level  of  the  water  in  the  tube 
is  almost  equal  to  that  of  the  water  in  which  it  is  immersed,  for 
DOW  the  glass  disc  sustains  eqiml  fluid  pressure  upwards  and 
downwards. 

If,  accordingly,  we  were  to  make  an  opening  in  a  ship;  the 
water  would  instantly  enter  the  vessel,  we  must,  in  order  to 
hinder  this,  exercise  a  counter  pressure  equal  to  the  weight  of  a 
column  of  water,  the  same  base  as  the  opening,  and  of  the  same 
eight  as  the  depth  of  the  opening  below  the  level  of  the  water. 
The  bottoms  of  large  ships  must,  therefore,  be  very  strongly  built 
to  sustain  the  pressure  of  the  water  from  below  upwards.  If  we 
asBumG  that  the  bottom  is  horizontal,  and  haa  superficies  of  100 
cqoarc   metres,    this   pressure   would  amount   to    1 00,000   kilo- 
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grammea  if  it  were  one,  and  300,000  kilogrammes  if  it  were  threcp 
metres  below  the  level  of  the  sea. 

We  may  thus  form  an  idea  of  the  enormous  pressure  sustained 
by  the  1i\ing  crcaturca  inhabiting  the  depths  of  the  seas  and  oceans. 
We  shall  again  revert  to  this  subject. 

The  pressure  which  a  giveu  portion  of  lateral  wall  has  to  support, 
is  equal  to  the  weight  of  a  column  of  fluid  whose  height  is  equal  to 
the  depth  of  the  centre  of  gravity  of  this  lateral  wall  below  the 
level  of  the  fluid,  and  whose  horizontal  base  is  equal  to  the  size 
the  given  portion  of  the  wall. 

The  amount  of  lateral  pressure  may  be  obtained  from  the 
corresponding  horizontal  pressure,  according  to  the  principle  of 
the  uniform  transmission  of  pressure  in  all  directions.  The  point 
m  (Fig.  65)  is  a  point  in  the  horizontal  layer  m  p ;  the  pressure  to 
which  it  is  exposed  transmits  itself  unifonnly  in  all  directions 
therefore,  also  at  right  angles  to  the  wall.  Every  point  of  the 
lateral  wall  sustains,  therefore,  the  same  pressure  as  every  point 
of  the  equally  high  horizontal  stratum  of  tluid.  If,  now,  we 
consider  any  portion  of  the  area  of  the  lateral  wall,  whose  highest 
point  is  so  little  elevated  above  the  lowest  point  that  the  pressure 
sustaiued  by  both  may,  without  any  great  error,  be  assumed  as  , 
equal,  then  we  find  that  the  pressure  sustained  by  this  portion  of  ■ 
the  area  is  <  x  A  x  rf,  if  *,  A  and  d  have  the  previously  assvuned 
siguiiications.  In  a  vat  full  of  water,  ten  metres  in  height,  the 
pressure  upon  a  square  centimetre  of  the  lateral  wall  at  the  depth 
of  one  metre  is  equal  to  1 00  grammes ;  and  at  bvo  metres  to  200 
grammes ;  and  at  ten  metres,  that  is  at  the  bottom,  to  one 
kilogramme. 

The  pressure  sustained  by  any  point  of  the  vertical  wall  of  a 
vessel  filled  with  water  may  be  made  manifest  by  a  diagram  (Fig. 

Q7).  From  a  let  a  straight  line  be  drawn 
a  bj  equal  in  length  to  the  depth  of  the 
point  a  below  the  level  of  the  water,  a  b 
will  then  represent  the  pressure  which 
the  point  has  to  sustain.  If  we  make 
the  same  figure  for  several  points  of  the 
vertical  line  r  *,  the  extremities  of  all 
the  horizontal  lines  of  pressure  will  fall 
upon  the  line  r  U  It  follows,  therefore,  that  the  combined 
pressure  which  the  line  r  *  of  the  vertical  wall  of  the  vessel  has  to 
sustain  i»  represented  by  the  triangle  r  8  t.     The  point  of  appUca- 
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tioD  of  tlie  resultant  of  all  the  elementary  pressures  sustained  by  a 
■etion  of  a  wall  ia  called  the  centre  of  pressure.  It  always  lies 
deeper  than  the  centre  of  gravity  of  the  section^  because  the 
pressure  increases  in  intensity  downwards.  The  centre  of  pressure 
for  the  vertical  line  r  *  is  easily  obtained,  for  it  is  evidently  the 
point  c  at  which  the  line  r  «  is  intersected  by  the  horizontal  line 
passing  through  the  centre  of  gravity  o  of  the  triangle  r  «  /.  We 
have  here  only  considered  a  line  r  * ;  but,  if  for  this  we  substitute 
t  broad  band  of  the  vertical  wallj  its  centre  of  pressure  will  lie 
upon  its  vertical  central  line,  and  its  height  above  the  bottom  will 
be  one  third  of  the  height  of  the  level  of  the  water  above  the 
bottom. 

Cofnmimicaiing  vessels. — ^The  above  developed  conditions  of 
equilibrium  are  valid  equally  for  fluids  contained  in  vessels  that  are 
counected  together ;  that  is  to  say,  if  both  vessels  contain  the  same 
ftuidf  the  level  must  be  the  same  in  both.  If  we  assume  a 
horizontal  partition  wall  to  be  applied  at  m  to  the  vessel  (Fig.  68), 
no.  69.  we    obtain    two    vesseli. 

According  to  the  princi- 
ples advanced,  the  pres- 
sure which  this  partition 
wall  HUBtainH  from  below 
is  B,  hj  if  B  designate  the 
area  of  the  ])artition  and 
the  height  p  v.  If  a  &  is  the  level  of  the  fluid  in  the  T^-ider 
vesKl^  and  k*  represent  the  height  a  m,  then  the  pressure  which 
the  partition  wall  has  to  support  from  above  downwards  is  B  h*. 
If,  now,  we  suppose  the  partition  wall  again  removed,  the  layer 
of  water  taking  its  place  will  have  to  sustain  on  the  one  side  the 
pressiire  B  h,  and  on  the  other  the  pressure  B  A'.  Motion  will 
necessarily  oceur  as  soon  as  A  is  not  equal  to  h'.  Tliere  can, 
therefore,  only  be  equilibrium  when  h  and  h*  arc  actually  equal  ; 
that  is,  when  the  level  of  the  fluid  is  equally  high  in  both  vessels. 
If  the  fluids  in  the  two  vessels  are  dissimilar,  the  level  will  not  be 
equally  high  in  both. 

In  the  tube,  for  instance,  (Fig.  70),  there  is 
water  in  one  side,  and  in  the  other  mercury,  the 
fluids  meeting  at  g.  Below  the  horizontal  plane 
passing  through  g  there  is  only  mercury,  which 
is  perfectly  in  equilibrium.  The  column  of 
mercury  over  h  has,  therefore,  to  keep  in  equili- 
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brium  the  column  of  water  above  g,  and^  that  this  may  happen, 
the  heights  of  the  eolumna  must  be  inversely  to  each  other  as  the 
speciiic  gravities  of  the  fluids;  that  is  to  say,  the  column  of  water 
must  be  nearly  fourteen  times  as  high  as  the  column  of  mercury, 
because  the  specific  gravity  of  water  is  nearly  fourteen  times  leas 
than  that  of  mercurj'. 

Whatever  be  the  fluids  used,  the  heights  of  the  columns  must 
always  bear  an  inverse  ratio  to  their  specific  gravities.  Thus  a 
column  eight  inches  hi^h  of  concentrated  sulphuric  acid  will 
equipoise  one  of  water  14.8  inches  high;  and  a  column  eight 
inches  high  of  sulphuric  ether  will  be  in  equilibrium  with  a  column 
of  water  5.7  inches  high. 

We  often  sec  that  heavy  bodies  move  in  an  opposite  way  to  the 
direction  of  gravity ;  cork  and  wood,  for  instance,  rise  on  the 
surface  when  they  are  immersed  in  water ;  in  the  same  manner 
iron  rises  in  mercury,  and  the  air  balloon  in  the  air.  All  these 
phenomena  depend  upon  the  principle  known  by  the  name  of  the 
Archimedean  principlef  from  having  been  discovered  by  Archimedes. 

This  principle  may  be  thus  expressed  : — A  body  immersed  m  a 
fluid  loses  a  portion  of  its  weight  exactly  corresponding  with  the 
weight  of  the  fluid  displaced  by  a.  Or,  to  express  the  same  more 
correctly  i—If  a  body  he  immersed  in  a  fluid,  a  portion  of  its  weight 
will  be  sustained  by  the  fluid,  equal  to  the  weight  of  the  fluid 
displaced. 

We  may  convince  ourselves  of  the  truth  of  this  principle  by 

means  of  a  simple  experiment.     Immerse  a  regular  prism  vertically 

in  a  fluid,  as  shown  at  Fig.  71,  then  every  pressure  on  the  sides  of 

no.  71.         the  prism  is  destroyed  by  an  equal  and  opposite 

1  pressure ;  but  the  upper  surface  sustains  the 
pressure  of  a  column  of  fluid  having  an  equal  base 
with  the  prism,  and  the  height  A.  Tlie  under 
surface,  however,  is  pressed  upon  from  below 
upwards  by  a  force  equal  to  the  weight  of  a 
column  of  fluid  of  the  same  base,  and  of  the 
height  h'.  The  heights  h  and  h'  difier  exactly  by  the  height  of  the 
prism,  and  therefore  it  is  clear  that  the  pressure  on  the  under 
surface  exceeds  that  on  the  upper  surface  by  the  weight  of  a  column 
of  fluid  equal  to  the  volume  of  the  prism.  But,  as  this  excess  of 
pressure  acts  upwards  against  the  gravity  of  the  body,  the  action 
of  the  force  of  gravity  of  the  body  is  evidently  diminished  in  the 
way  specified.     If,  for  instance,  the  base  of  this  prism  be  one 
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ccutiiiiftrc,  its  heifrht  ten  centimetres,  and  the  upper 
njfmot  Xhnx  ccnlimetrrH  below  the  level  of  the  water,  the  upper 
hn  to  sustain  a  pressiire  of  a  column  of  water  whose  base  is  one 
square  ccntinietre,  its  height  three  centimetres  ;  consequently  a 
weight  of  three  cubic  centimetres  of  water,  that  Is,  of  three 
grmmmes.  But  the  lower  surface  is  thirteen  ceiitiuietres  below  the 
lerel  of  tlic  water,  and  has,  therefore,  to  sustain  a  force  acting 
from  below  upwai'ds  and  equal  to  the  weight  of  a  et)Iuinii  of  water 
wfaoae  base  is  one  square  centimetre  and  height  thirteen  centi- 
mctrw,  that  is,  thirteen  grammes.  If  we  deduct  from  these 
thirteen  gi-anmies  the  amount  of  the  pressure  of  the  three  g^rammes 
arting  downwards  upon  the  upper  snrfucc,  there  remain  ten 
grammes  for  the  force  with  which  the  prism  is  urged  upwards  by 
the  presAitre  of  the  water.  Bat  ten  grammes  is  the  weight  of  u 
cohmin  of  water  of  e<pial  volume  with  the  prism.  If  this  prism 
were  of  marble  it  would  weigh  twenty-seven  grammes;  but,  on 
being  immersed  in  water,  it  has  to  sustain  a  pressure  of  ten 
grammes  directed  upwards,  and,  consequently,  in  the  water  it 
will  be  ten  grammes  Hghter.  If,  in  the  place  of  one  prism,  wc 
no.  72,  t^c  several  together,  it  is  clear  that  each  separate 
\  Kiic  will  lose  on   being  immersed   in  the  water  an 

;itnount  of  weight  equal  to  an  equal  volume  of  water, 
:  I  tid,  consequently,  the  loss  of  weight  sustained 
'•y  the  whole  body  composed  of  the  several 
ii'isms  will  equal  the  weight  of  a  mass  of  water 
"f  equal  volume  to  the  combined  volume  of  the 
[jnsms.  As,  however,  wc  may  imagine  any  body 
il..  .ible  into  a  number  of  such  vertically-placed   prisms  of 

very  small  diameter,  the  conclusion  may  be  extended  to  any  body 
we  choose  to  take. 

A  totally  different  mode  of  deduction  leads  us  to  the  same  result, 
If  we  suppose  the  space  f»ccnpied  by  the  body  imnirrsed  in  water 
to  be  tilled  with  water,  this  body  of  water  will  float  in  the 
remaining  mass  of  the  liquid,  neither  rising  nor  sinking.  If,  now, 
we  assume  this  btxlv  of  water  to  be  replaced  by  another  which, 
with  ail  equal  volume,  has  also  an  equal  weight,  this  latter  will 
likewise  float,  its  whole  weight  being  sustained  by  the  water  in 
which  it  is  immersed,  whence  it  is  clear  that  a  portion  of  the 
weight  of  every  immei-sed  body  is  sustained  by  the  water,  and  is 
equal  to  the  weight  of  the  fluid  displaced. 

We  may  convince  ourselves  of  the  truth  of  the  Archimedean 
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principle   by    direct    experiment.     To  one    of   the  scale  pana  of 
an  ordinary  balaucc  (Fig.  73)  is   attached  a  hollow   cylinder,  c, 


MO.  73. 
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the  cavity  of  the  former.  On  the  other  acale-pan  are  placed 
sufficient  weights  d,  to  equipoise  the  whole.  If,  now,  the  cylinder 
p  be  iramcrHed  in  wnlcr,  it  will  lose  a  portion  of  its  weight,  and 
the  equilibrium  will  be  thua  disturbed  j  to  re-establish  this,  the 
cylinder  c  need  only  be  filled  with  water,  which  clearly  proves 
that  p  has  lost  as  much  weight  by  being  immersed  in  the  water  as 
the  contents  of  the  cylinder  c  weigh.  But  the  volume  of  water  in 
c  is  equal  to  the  water  displaced  by  the  cylinder  />,  and  the  loss  of 
weight  of  p  is  consequently  equal  to  the  weight  of  the  displaced 
water. 

As  we  have  already  seen,  there  would  be  equilibrium  if  wc 
could  convert  into  water  the  immersed  body.  But  this  body  of 
water  would  remain  perfectly  in  equilibrium,  whichever  way  it 
were  turned,  round  its  centre  of  gravity.  The  pressure  of  the 
surrounding  fluid  acting  from  below  upwards  is,  therefore,  a  force 
whose  point  of  appUcatiou  con'uspouda  with  the  centre  of  graWty 
of  the  ideal  body  of  water.  This  point  may  be  termed  the  centre 
of  pressure  of  the  fluid. 

If,  now,  this  ideal  body  of  water  be  replaced  by  any  other 
substance,  as,  for  instance,  cork,  marble,  or  iron,  the  pressure 
which  this  body  ^^ill  have  to  siistaiu  from  the  surrounding  mass 
of  water  will  be  precisely  the  same  as  that  which  the  ideal  body  of 
water  has  supported.     A  body  immeraed  in  water  is,  therefore, 
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tbject  to  the  at^tion  of  two  forces,  whose  magnitude  and  point  of 
plicatioD  we  now  know.  The  Hrst  forcti  i»  the  gravity  of  the  J*i«ly 
acting  from  above  downwards,  and  whose  point  of  application  is  the 
centre  of  gravity  of  the  body  ;  the  second  force  acting  from  below 
upwards  is  equal  to  the  weight  of  the  water  disphiced,  and  its 
point  of  application  ia  the  centre  of  gravity  of  this  mats  of  water. 
If  an  entirely  submerged  body  is  pcrftxtly  homogeneoug,  its  centre 
of  gravity  will  correspond  with  the  centre  of  granty  of  the  water 
displaced. 

Thia  upward  pressure  of  duids  is  designated  by  the  term 
buoyancy, 

Condition$  of  equilibrium  of  subaierged  Bodies. — For  a  perfectly 
bomogeneous  body  submerged  in  water  to  keep  itself  suspended, 
nothing  more  is  necessary  than  that  its  weight  be  exactly  equal  to 
that  of  the  fluid  displaced,  the  position  of  the  body  being  entirely 
indifferent :  here  wc  have  an  instance  of  indifferent  equilibrium. 
In  order  to  prove  this  by  an  experiment,  let  us  form  a  body  of  any 
filiape  from  a  maj^  composed  of  one  part  of  dncly  pidvcrixed 
cinnabarj  and  226  parts  of  white  wax.  The  constituents  must  be 
weQ  worked  together,  that  the  mass  may  have  the  requisite 
Qniformity.  A  body  thus  composed  will  float  in  water,  and 
remain  in  cqmlibrium  in  any  position  in  which  we  place  it.  In 
spirits  of  wine  it  will  sink,  while  on  a  saline  solution  it  will  rise 
and  flout  on  the  surface. 

If  the  immersed  body  be  not  homogeneous,  so  that  its  centre  of 
gravity  does  not  correspond  with  the  centre  of  gravity  of  the  water 
dijipkced,  it  may  still  float  in  the  fluid,  if  its  total  weight  ia 
exactly  equal  to  the  weight  of  the  water  displaced ;  but  it  can  only 
be  in  equilibnum  if  the  centre  of  gravity  of  the  body  and  tl»at  of 
the  water  displaced  be  in  a  vertical  line,  and  stable  equilibrium  can 
only  be  established  if  the  centre  of  gravity  of  the  body  is  in  the 
lowest  position. 

Conditioiift  of  etptilibrium  of  Fhattntj  Bodies. — If  a  body  float.  Its 
whole  weight  is  equal  to  the  weight  of  fluid  mass  displaced  by  the 
immeTsed  portion  of  the  body,  the  condition  of  the  stability  of 
floating  bodies  diflers,  however,  from  that  of  submerged  bodies. 
A  ship,  for  instance,  weighing  one  million  kilogrammea  ia  in 
cquihbrium  if  it  displace  1,000  cubic  centimetres  of  water;  and,  if 
its  centre  of  gravity  and  the  centre  of  pressure  of  the  water  lie  in  a 
vcTtical  line,  we  may  have  a  condition  of  stability  even  if  the  centre 
of  gravity  do  not  lie  below  the  centre  of  pressure,  it  being  sufficient 
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if  it  lie  lower  than  anotlier  point,  termed  the  tnetacrnire.  The 
position  of  this  latter  point  depends  npon  the  form  of  the  ship,  and 
the  position  of  the  centre  of  gravity  upon  the  manner  in  which  the 
ship  is  loaded. 

Althotigh  a  g:eneral  determination  of  the  metacfiUre  would  be 

hardly  in  place  here^  we  must  yet  endeavoui*  to  give  some  idea  of 

it : — Let  abed  (Fig.  74)  be  the  seetion  of  an  iniincrined  body,  and, 

for  the  sake  of  clearer  illustration,  let  us  assume  this  section  to  be 

no.  74.  an  elougrated  parullt'lo'^ni.   Ifthe  body  swim 

in  a  position  of  equilibrium,  it  will  sink  as  — 
low  as  «  /.  The  centre  of  graWty  of  the  I 
displaced  mass  of  water  is  at  m,  and  the 
centre  of  n^-avity  of  the  body  lies  upon  the 
vertical  line,  passing  thi'ough  m.  If  it  be 
below  i»,  the  body  will  swim  stably  in  every 
case,  for  we  have  a  body  suspended,  as  it 
were,  at  the  point  m  in  the  water,  and  whose  centre  of  gravity  is 
deeper  than  its  point  of  suspension,  and  consecpiently  a  pendulum 
that  oscillates  about  the  position  of  equilibrium. 

If  the  body  be  changed  from  the  position  of  equilibrium  to  the 
one  represented  in  Fig.  75,  the  triangle  e  g  k'\»  raised  out  of  the 
FIG.  75.  water,  while  y  */is,  t»n  the  contrary, 

immersed ;  but,  as  the  quantity'  of  the 
water   displaced    niwst   always    be   the 
same,  whatever  be  the  position  of  the 
body,    it    foUdws    that  eg  h  =  g  i  f. 
But  the  form  of  the  submerged  portion 
differs   from    what   it    previously   was, 
and,  consequently,  the  centre  of  gravity 
of  the  displaced  mass  of  water  is  no  longer  at  ttt,  but  at  another  ■ 
point   Of  whose  position  must  be  especially  ascertained    in    each  ■ 
individual  case.     If  we  suppose  a  perpendicular  drawn  through  o, 
it  will   intersect   at   a  point  g  the  perpendicular  drawn    in  the  _ 
position  of  equilibrium   through  m ;  the  point  q  is  the  metacentre,  I 
When   the  centre  of  gravity  of  the  body  lies  below  q,  on  the  line 
m  g,  the  weight  of  the  body  acting  at  o  will  turn  it  round  o  in  such 
a  manner  as  to  make  it  retiun  to  a  position  of  equilibrium.     A 
floating  body  loses  its  stability  entirely  if  its  centre  of  graWty  lie 
above  the  metacentre. 

The  broader  the  immersed  portion,  and  the  lower  its  centre  of 
gra^'ity,  the  greater  is  the  stability  of  n  floating  body. 
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The  Archimedeao   principle  afibrdfi  us  excellent  means  of  aaccr- 

ling  the  weight  of  solid  and  fluid  bodies.     In  order  to  compute 

IP  density  of  a  solid  body,  we  must  know   its   absolute  weight, 

td  the  weight  of  an  equal  volume  of  water.     But  in  most  eases  it 

very  diflicult,  and  even  imposgiblc,  to  obtain  the  volume  of  a 

ly  by  measuring  its  dimensions.    According  to  the  Arehiuicdeau 

trinciple,  a  single  experiment  gives  us,  without  anything  further 

:ing  necessary,  the  weight  of  a  mass  of  water,  having  an  equal 

volume  mth  the  body  to  be  determined;  leaving  us  only  to  decide 

.the  loss  of  weight  on  iumieraion. 

In  order  to  obtain  this  result  c-asily  by  nicnn»  of  a  balance,  the 
istniment  undergoes  a  slight  alteration,  by  which  it  is  e<invertcd 
ilo  a  htjdrustatic  balance  (Fig.  76).     \Vu  substitute  for  oue  of  the 

Fio.  76. 


sual  seale-j>ans  one  that  does  not  hang  down  so  low,  and  to  the 
er  part  of  which  a  hook  is  attached  on  which  the  body  to  be 
tcrmined  may  be  suspended.  When  this  is  doue,  we  may 
certain  the  absolute  weight  g  of  the  body  by  laying  weights  in 
e  other  scale-pan.  If  we  now  immerse  the  body,  we  muat 
move  a  part  n  of  the  weight  //  to  restore  equilibrium  ;  a  is 
nscqucntly   the    loss   of   weight    sustained   by   the   body    from 

mersion,   and  —  is,  thei*efore,  its  specific  gravity. 

Nkholson's  Areometer  (Pig.  77)  may  be  used  to  determine  the 

eific  gravity   of  solid  bodies,  instead   of  the   balance.     To   a 

liiow  glfiss  or  nietiil  body,  v,  a  small  heavy  mass  /  (a  glass  or  metal 
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spheix:  tilled  with  lead)  is  suspended^  and  superiorly 
tliere  is  attached  to  it  a  fine  stem  supporting  a 
plate  c,  on  which  small  hodies  and  weights  may  be 
laid.  The  instrument  floats  vertically  in  the  water, 
because  its  centre  of  gravity  is  very  low  in  conse- 
quence of  the  weight  /.  The  instniment  is  ho 
arranged  that  the  upper  part  of  the  body  v  projects 
above  the  water.  If,  now  we  lay  the  body  whose 
specific  gravity  wc  would  ascertain  upon  the  plate 
c,  the  instnunent  will  descend,  and  by  adding 
additional  weight  we  may  easily  make  it  sink  to  the 
point /marked  generally  by  a  line  ou  the  rod.  We 
remove  the  mineral  or  other  substance  wc  have  been 
using,  and  substitute  in  its  place  as  many  weights 
as  will  again  make  the  instrument  sink  to/.  If,  in 
the  place  of  the  mineral,  wc  have  had  to  laj'  on  n 
milhgrammes,  the  weight  of  the  mineral  is  equal  to  n  milli- 
graiumes. 

If,  in  this  manner,  we  have  ascertained  the  absolute  weight  of 
the  mineral,  the  n  milligrammes  must  be  again  removed,  and  the 
body  luid  in  a  basket  placed  between  v  and  A  The  instrument 
would  now  again  sink  to/ if  the  body  laid  in  the  basket  had  not 
lost  weight  by  being  immersed  in  the  water  :  we  must,  therefore, 
lay  on  the  plate  llu?  weight  m  nuUigraiume,  that  the  body  may  be 
immersed  to  the  mark.  In  thi«  manner  we  obtain  the  absolute 
weight  of  the  body  n,  and  the  weight  of  an  equal  volume  of  water 

m;  the  specific  gravity  we  seek  is,  therefore,  — 

If,  for  instance,  we  have  to  determine  the  specific  gravity  of  a 
diauiond,  we  must  lay  it  on  the  plate  and  add  sufficient  weight  to 
make  the  whole  sink  to/.  If  we  find  after  removing  the  diamond, 
that  we  must  lay  on  1.2  gi'ammcs  to  cause  the  areometer  to  siidc 
again  to  the  same  point,  the  wbtiolute  weight  of  the  stone  would  be 
1.2  gi'ammcs.  These  weights  must  be  again  taken  away  and  the 
diamond  laid  in  the  basket ;  then,  in  order  to  make  the  instrument 
sink  to/,  we  must  add  0.34  grammes  more;  the  weight  of  a  volume 
of  water   equal    in    volume   to   the   diamond    is,    therefore,   0.84 

1  2 

grammes,  and  the  specific  gravity  required  is  =r'^  =  3.53. 

\#.0'if 

The  specific  gra^nty  of  licjuid.s  may  also  be  determined  by  Nichol- 
son's areometer.     As  the  instrument  always  sinks   so  far  that  its 


^^^^^^^^^^^^  AttKOUETKH.  ^^^  71 

vn^t  added  to  the  weight  upt^n  tlie  plate  is  eqaal  to  the  maM  of 
hqaids  displaced,  we  umy,  by  the  aid  of  thia  inslruiiieiit^  ascertiun 
ikOMr  much  a  definite  vohime  of  water  weighs.  It  is  Dece&sary, 
however,  to  know  the  weight  of  the  instrument  itself.  Suppose 
this  weight  to  be  n,  we  nmst  lay  on  some  additional  weight  to 
make  the  instrument  sink  to  /;  if  we  designate  this  addition  by  a, 
d>ca  is  n  -f  a  the  weight  of  water  displaced. 

If  we  immerse  the  instrument  in  another  liquid,  we  must  lay  on 
another  weight  b  in  the  place  of  a,  to  make  the  whole  sink  to/; 
b  will  be  greater  than  a  if  the  liquid  be  denser,  and  less  than  a 
if  it  be  Lighter  than  water,  llie  weight  of  the  liquid  displaced  is 
a  +  6;  but  iu  volume  is  exactly  as  gi-eat  as  the  volume  of  the 
BUSS  of  water,  whose  weight  is  n  +  a^  beeause  the  areometer  has 
mnk  equally  deep  in  both  casea. 

Suppose  the  instnmient  weigh  70  grammes,  we  must  add  20 
grammes  to  make  it  sink  in  water,  and  1.37,  that  it  may  sink  to 
the  pomt/in  spiriti»  of  wine;  then  the  specilic  gravity  of  spirits  of 

-      .70+1.37        ^^^^ 
"^^  '^  70^20  =  ^■^^3- 

The  delicaoy  of  the  areometer  is  proportionate  to  the  slightncss 
of  stem  in  comparison  with  the  immersed  voliune. 

It  is  always  a  somewhat  tedious  process  to  ascertain  the  specilic 
gravities  of  liquids  with  this  areometer,  and  we  might  effect  our 
purpose  as  quickly  and  with  much  more  exactness  by  means  of  the 
balance,  in  the  manner  already  indicated.  But  it  often  happens 
practical  purposes,  that  we  desire  to  obtain  by  a  short  process 

e  speoiiic  gravity  of  a  fluid  in  as  simple  a  manner  as  possible, 
iu  order  to  estimate  its  quality.  In  such  cases,  it  is  quite  sufficient 
to  obtain  the  specific  gravity  witliin  a  couple  of  decimal  places,  and 
this  purpose  is  most  readily  effected  by  means  of  the  graduated 
areometer,  which  we  will  now  consider. 

7^e  graduated  Areometer. — By  means  of  Nicholson's  areometer 
the  specitic  gravity  of  a  liquid  is  obtained  by  a  comparison  of 
the  absolute  weights  of  equal  volumes.  But  the  use  of  the 
graduated  areometer  is  based  upon  the  principle  that,  vtdth 
equal  absolute  weights,  the  specilic  gravities  are  inversely  as 
their  volumes. 

Fig.  78  represents  a  graduated  areometer.     Tt  usually  consists  of 

lindrieal  glass  tube,  which  is  enlarged  at  the  bottom  as  repre- 

ted  in  the  drawing.     The  lower  ball  is  partially   tilled  with 
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nicrcuryj  to  enable  the  Instrument  to  float  iipriglit.  If  we  now 
suppose  the  instrument  to  be  Hoatin^  in  the  water,  the  weight  of 
no.  78.  the  water  displaced  is  etjual  to  the  weight  of  the  instrument. 
If  we  now  inmierse  it  in  another  Lquid,  it  will  sink  to  a 
greater  or  lesser  depth,  aceording  to  whether  the  liquid 
is  lighter  or  heavier  than  water.  Supposing  that  the 
areometer  weigh  ten  grammes,  it  will  displace  ten  cubic 
centimetres  when  floating  in  water.  If  we  immerse  it  in 
spirits  of  wine,  it  will  sink  so  low  that  the  spirits  of  wine 
displaced  will  also  weigh  ten  grammes.  But  ten  grammes 
of  spirits  of  wine  occupy  more  space  than  ten  grammes 
of  water;  the  iustruinetit  umst,  therefore,  sink  so  deep 
tliat  the  volume  immersed  in  the  spirits  of  wine  shall 
be  inversely  to  the  volume  immersed  in  water  as  the 
specific  gra\ity  of  these  liquids. 

We  may  now  well  understand  that,  if  the  tube  be 
properly  divided,  we  may  asceilain  the  sj)eeific  gravity 
of  a  liquid  by  otic  single  easily-conducted  experiment. 
Amongst  all  the  scales  thut  have  been  applied  t(»  the  areometer, 
the  one  proposed  by  Gay  Lussae  is  incontestibly  the  simplest 
and  most  efficacious ;  we  will  therefore  consider  it  first. 

Wc  must  suppose  the  point  a  of  the  tube  of  uu  areometer,  to  be 
marked,  as  being  the  point  to  which  the  instniment  sinks  in  water, 
and,  startiitg  from  thence,  that  a  series  of  lines  are  so  arranged 
that  the  volume  of  the  portiou  of  the  tube  iuter>'ening  betwixm  two 
marks  is  T^oth  part  of  the  \'olume  immersed  in  the  water.  If,  for 
instance,  we  assume  that  the  volume  of  the  submerged  portion  of 
the  areometer  is  exactly  ten  cubic  centimetres,  then  the  volume  of 
the  j>ortiun  i>f  the  tube  iiiten'ening  between  the  two  marks  would 
be  0. 1  of  a  cubic  eentiiiietre. 

The  watermark  a  is  numbered  100,  and  the  divisions  are  num- 
b<'rcd  upwards.  iVreometere  thus  graduated  are  designated  by  the 
special  tenn  volumeters.  Supposing  that  the  areometer  sank  in  any 
liquid  to  the  mark  80  on  the  volumeter^  we  know  that  80  part^  of 
this  liquid  weigh  as  much  as  100  of  water  ;  the  specific  gra^^ty  of 
tliis  liquid  is,  therefore,  to  thut  of  water  as  100  to  80,  and  conse- 
quently ^  'W  or  1.25. 

If  the  vohuueter  were  to  sink  in  another  liquid  to  the  mark  116, 
we  should  find  by  a  similar  mode  of  deduction  that  the  specific 
gravity  of  this  liquid  was  rif  or  0.862.     In  short,  (/  the  vo/umeier 


I 


I 


AKeOMKTeR. 


7;j 


tink  to  a  definite  point  y  of  the  »cale,  we  find  the  specific  grmyity  8 
of  the  liquid  on   dividing   100  Ay    the  number  observed   upon    the 

graduated  zcole ;  that  is,  &  = 

The  accaracy  of  such  an  inBtniment  is  increased  in  prnporlion 
to  the  distance  of  one  mark  fi\mi  the  other,  and  in  projwrtion  to 
the  thinners  of  the  tube  in  conipBrison  with  the  vohuiie  of  the 
whole  inntrument.  In  order  to  avoid  having  very  long  tubea,  no 
volumeter  is  made  applicable  to  all  fluids,  there  being  diffcTi'ut  one» 
(hat  can  be  used  either  for  hghter  ur  heavier  duids.  In  the  former, 
t  he  watermark  1 00  is  near  the  lower  ;  and  in  the  latter,  near  the 
upper  extremity  of  the  tube. 

Before  the  graduation  is  made,  the  quantity  of  mercury  in  the 
ball  of  the  iiistruuicnt  must  be  so  regulated  that  it  will  sink  in  the 
water  either  to  a  point  lying  neai*  the  lower  or  upper  end  of  the 
tube.  When  this  is  done,  a  second  point  in  the  »cule  must  be 
obtained  in  the  following  manner : — 

Suppose  the  instrument  to  be  intended  for  heavy  liquids,  and^ 
therefore,  having  the  watermark  at  the  upper  end  of  the  tube. 
\Vc  provide  ouri*elveH  with  a  liquid  whose  specific  weight  is  exnctly 
1,25,  and  which  we  can  easily  obtain  by  a  mixture  of  water  and 
Kulphuric  Bcid,  its  specific  gravity  being  tested  by  means  of  the 
balance.  In  this  liquid  wc  now  immerse  the  instrument,  observing 
the  mark  to  which  it  sinks.  But  the  specific  graWty  1.26  corrcs- 
fiuuda  to  the  mark  80  of  the  volumeter  scale.  This  last  observed 
point  is,  therefore,  to  be  marked  80,  and  t!ie  intn^ening  space  to 
be  divided  into  twenty  eqiud  parts;  a  similar  graduation  being 
carried  on  below  the  point  80. 

If  the  volumeter  be  designed  for  light  hcpiids,  and  the  mark  100 
be  Consequently  at  the  lower  part  of  the  tube,  we  find  a  second 
point  in  the  scale  on  immersing  the  instrument  into  a  mixture  of 
water  and  spirits  of  wine,  the  specific  gravity  of  which  is  accu- 
rately 0.8.  This  »pecifie  gravity  0.8  corresponds  to  the  mark  125, 
and  wc  must,  therefore,  divide  the  space  between  this  mark  and 
the  watennark  into  twenty-five  equal  parts.  The  divisions  arc 
generally  marked  u|K)n  a  strip  of  j>apcr,  and  faatened  to  the 
interior  of  the  tube. 

The  relation  existing  between  the  different  graduated  points  of 
the  volumeter,  and  the  si>ecific  gravity  will  easily  be  understood  by 
hx)king  at  the  accompanying  diagram.  The  line  a  b  (Fig.  79) 
represents  a  volumeter  scale,  rariging  from  the  mark  50  to  the 
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mark     130.      At    every     tenth 
point  of  division  a  perpendicular 
is  drawn,   on  which  is  markf 
the  length   proportionate  to  th< 
corresponding    speciiic    gravity. 
Thus,  if  the  perpendimlar  drawn 
through  the  point  100  is  1^  th&t 
thmujLch  50  is  2,  that  through 
120  0.83  and  so  forth,  it  is  of 
course    quite    immaterial    what  ^ 
**  unit  we  choose  in  the  graduation  ■ 
•*    <t«    ro    ti4f  yo  jfHi  no  ivo  130     of  these  perpendiculars. 
Wvc  summit  of  these  perf>cn(lieularH  are  connected  hy  a  curved 
^ino,  whicli  represents  the  law  connecting  the  points  of  the  scale  fl 
aVhI  the  corresiKmding  specific  gravities.     The  cun'C  ascends  the 
viit\trv'  ni])idly  as  it  approaches  the  lower  points  of  the  volumeter 
•WkW  lying  near  a.     From  this  it  is  evident  that  the  difference 
WlwiTU  the  perpendiculars  drawn  through  60  and  70  must  be 

Ei'dtf'r  tlinn  that  existing  between  the  equally  distant  perpen- 
*ulrtr«  drawn  through  120  and  130;  or,  in  general  terms, 
ll^Al  iiu  (X)uul  number  of  degi-ees  on  the  lower  end  of  the  volumeter 
mm\v  c»trreMi»nnd  with  a  greater  difference  of  specitic  gi'anty  than 
^t  \\\v  upper  }mi"t.  It  further  follows  that,  if  the  graduated  points 
f^\\w  leale  are  to  correyj>oud  to  equal  differences  of  tlic  specific 
M\ilYi  the  distance  between  two  points  must  be  greater  at  the 
m*iHT  ihiui  at  the  lower  part  of  the  scale. 

AuotiuT  ivxcelient  mode  of  dividing  the  areometer  scalc^  proposed 
l]|7i«  Ity  (Uy  liUssac,  but  previomtly  made  use  of  by  Brisson  and 
1^  ■  Imh'mU,  gives  the  specific  gravities  directly.     The  relation 

^  ,11  to  the  volumeter  scale  will  be  easily  undci'stood.     If 

Av  *U»'V  uii  any  of  the  perpendiculars  (Fig.  70)  the  heights  0.8, 
k  r>>^  l.li  1.^.  i^^'f  a"d  draw  horizontal  lines  through  these 
iult'rHe<rt  the  eur\'e,  anJ  from  these  points  of  intersection 
tii'n  down  to  the  line  representing  the  volumeter  scale, 


U\'  onwr  in  our  diagram,  to  a  line  m  tIj  Ijiug  somewhat 

v.(  the  volumeter  scale,  we  obtain  the  degrees  upon  the 

with  the  specific  gravities  1.8,  1.6,  1.4,  &c.     But 

VI    tmcqual  are  the  divisions  of  the  scale,  and  how 

,  >HM«'   in  size  from   the   lower  towards  the  upper 
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pDinte  from  20  to  20  p.  r.  of  the  specific  gravity.  If  wc  wish  to 
ooustmct  tt  scale  according  to  this  method,  the  figure  must  be 
cliuwn  according  to  much  larger  proportions,  and  the  points  from 
At  least  5  to  r>  p.  c.  of  the  specific  gravity  must  be  obtained.  The 
biterrals  may  then  be  divided  equally  without  any  marked 
error. 

Another  method  of  constructing  thcae  scftlcs  has  been  proposed 
by  Schmidt.  Although  the  specilic  gravity  may  be  obtained 
directly  by  mt^aiis  of  aitjouicters  of  this  kind,  the  volumeter  has 
great  advantages.  In  the  first  place,  the  completion  of  a  vulunirter 
tcde  is  infinitely  easier ;  owing  to  the  uniformity  of  the  divisions, 
we  may  graduate  the  scale  with  much  greater  accuracy,  while  the 
caiculatioua  tlmt  have  to  be  made  to  le^im  the  specific  gravity 
xccording  to  the  volumeter  scale  are  so  extremely  simple  that  they 
certainly  cannot  furnish  any  grounds  of  objection  to  the  use  of  that 
mstniment. 

In  a  practical  point  of  view,  our  aim  is  not  so  much  to  leam  the 
j|K:cific  gravity  of  u  liquid  as  to  know  the  point  of  concentration  of 
B«aline  solution  and  the  pnjportion  of  niixtui*c  in  a  liquid.  These 
points  certainly  stand  in  such  close  relation  to  the  gpecific  gravity, 
that,  if  by  help  of  the  areometer  we  can  ascertain  the  specific 
gravity  of  a  liquid,  we  may  also  draw  a  correct  conclusion  as  to  its 
nature.  Special  areometers  have  been  constructed  for  such  liquids 
as  arc  most  frequently  used,  ginng  the  dii-ect  proportions  of 
mixture.  We  will  only  consider  one  of  the  most  important  of  these 
—the  alcohohmeter. 
r\o.  «0.  This  instnmient  senses  to  determine  the  amount  of 
alcohol  in  a  mixture  of  water  and  spirits  of  wine. 

The  specific  gravity  of  alcohol  is  0.793  if  we  take  that 
<jf  water  as  unity ;  a  mixture  of  water  and  absohit*;  alcohol 
will,  therefore,  have  a  density  falling  between  1  and 
0.793,  and  appivmching  more  nearly  to  either  extremity 
a8  the  water  or  the  alcohol  prejKJnderates  in  the  mixture. 
The  density  deviates,  however,  from  the  arithmetical  mean 
reckoned  from  the  proportions  of  the  mLxture. 

The  reason  of  this  deviation  is  to  be  sought  in  the 
contraction  occurring  when  wc  mix  water  and  spirits  of 
wine,  and  which  we  will  first  make  evident  by  an  experi- 
ment. 

If  we  take  a  glass  tubcj  such,  for  instance,  as  is  used 
in  the  Torricellian  experiment,  fill  one  half  with  water  and  the 
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remainder  with  »piriU  of  wine  (for  the  Lecture  Room,  the  coloured 
spirit  of  wiitcis  preferable),  we  flhall  find  the  liquida  do  not  mil,  the 
spirits  of  wine  floating  on  the  water.  When  the  ojwn  end  has 
been  closed  by  a  cork  stopiwr,  so  that  no  liquid  can  eseajje,  a 
mixture  of  the  fluids  will  occur  by  the  sinking;  of  the  water  aa  soon 
as  we  invert  the  tube.  WTien  the  liquids  arc  perfectly  mixed,  we 
ace  that,  instead  of  the  whole  tube  being  full,  a  vacuum  has  been 
formed,  and  occupymg  about  Imlf  an  inch  of  the  tube. 

The  accompanying  figure  (Fig.  81)  re- 
presents the  laws  for  the  contraction  of 
different  proportions  of  mixture.  The  perpen- 
diculars drawn  at  the  different  |>oints  of  the 
horizontal  bases  of  the  parallelogram,  and 
I)B8siug  through  its  upper  side,  give  the 
8ums  of  the  mixed  volumes,  the  i)art  lying 
nithin  the  shaded  portion  of  the  figure 
showing  the  volume  of  the  water,  and  the 
remainder  the  volume  of  the  spirits  of  wine. 
^  Thus,  the  jHTpciidicular  line  elev*atcd  at  the 
2u  4u  «u  tw  100  point  20  is  divided  by  the  diagoual  of  the 
parallelogram  in  such  a  ratio  that  ,%ths  of  its  whole  length  fall 
within  the  shndcd,  and  the  remaining  r%ihs  in  the  unshaded 
piul  of  the  liKui-e;  it  corres|»on<!s,  therefore,  to  a  case  where  we 
have  a  mixture  of  80  parts  water  with  20  parts  spiriti  of  wine.  But 
in  thia  rji»«%  the  mixture  fonns  a  volume  only  0.982  of  the  sura  of 
(he  mixed  volmnes,  on  which  account  the  length  of  0.982  is 
marked  upon  this  i>erpendicular,  amnting  from  below  (taking  the 
whole  length  of  the  perpendicular  as  the  unit).  Tlius  the  length 
O.lMir)  is  marked  at  thr  point  GO,  because  40  p.  c.  of  water  mixed 
with  (U)  p.  r.  ofsiiirii-s  of  vine  coincide  with  0.9GiJ,  the  sum  of  the 
mixed  vnluuH'j*.  The  numWs  standing  over  every  perpendicular 
give  for  nirh  ciise  the  exact  value  of  the  volume  according  to  the 
mixliirr,  if  the  aum«  of  thr  mixed  volumes  be  1000,  A  cun'e  la 
ilruwn  liver  the  point*  marked  in  the  way  indicated  on  the  different 
perpi'mlieiilHrii.  The  vertical  distunce  between  each  point  of  this 
riirvr  tntiw  the  upper  horizoiitui  line  repirsents  the  amount  of  the 
eontnu-lion. 

Kroui  thcwt  considerations  it  follows  that  the  specitic  gravity  of  a 
mlxt\ire  of  wilier  and  npirits  of  wine  must  always  be  greater  than 
iIm»  eoiitpuiiMl  (uiihiiH'tieiil  tiu-nn.  In  Fig.  82,  6.793  is  the  length 
i>f  the  pnpriubcnhu*  di'ttwu  thu>ugh  the  point   100,  if  we  take  the 
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length  t»f  the  perpendicular  from  the 
jM)inl  o  aa  tlie  unity.  The  fonner  repre- 
sents the  specific  gravity  of  absolute 
alcohol*  and  the  latter  that  of  water.  If 
vm  connect  tlie  upper  points  of  tliese  two 
extreme  perpendiculars  by  a  straijfht  line, 
and  draw  through  the  points  90,  80,  70, 
&c.,  jieqwudiculars  going  to  this  straight 
line,  the  length  of  these  ]H'rp€ndiculars 
would  rejiresent  the  specific  gravity  of  a 
mixture  of  90,  HO,  70,  &c.,  parts  of  spirits 
iM  »  60  w  -Hi  D  of  wine  with  10,  20,  30,  &c.,  parts  of 
water,  if  no  contraction  occurred.  But  a  length  is  marked  upon 
every  perpendicular  corresponding  to  the  true  density  of  the  mixture. 
The  cune  connecting  those  points  in  the  diflfcrcnt  perpcndicuhirs, 
represents  the  law  according  to  which  the  density  of  a  mixture 
of  water  and  spiritft  of  wine  changes  if  the  alcoholic  contents 
increase   from   0   to   100  p.   c. 

The  number  standing  over  each  perpendicular  gives  the  accurate 
namerical  value  of  the  specific  gravity  of  the  corresponding  mixture. 
If  by  the  numbers  100,  90,  80,  20,  10,  0,  we  designate  those 
points  on  an  areometcr-tuhe  that  correspond  with  the  speeiric 
gra%-ities  0.793,  0.828,  0.857,0.976,  0.985,  and  1  ;  andii*,  further, 
wc  divide  the  space  intei'vcning  between  every  two  points  into  ten 
equal  parts,  which  may  be  done  without  any  great  inaccuracy,  wc 
obtain  a  percentage  areometer  for  spirits  of  wine  ;  that  is  to  say,  an 
instrument  by  which  we  can  directly  read  off  how  many  parts  by 
volume  of  alcohol  are  contained  in  a  mixture  of  water  and  spirits  of 
wine.  Such  alcoholometers  have  been  made  in  France  according  to  the 
calcidations  of  Gay  Lussac,  and  in  Germany  according  to  those  of 
TrallcB,  and  have  been  officially  ado])tcd,  in  order  that  by  their  aid 
the  alcohohc  contents  of  brandy,  spirits  of  wine,  &c.,  subject  to  excise 
duties,  uiight  be  determmed.  Fig.  83  shows  the  main  divisions  of 
snch  an  alcoholometer  in  their  tnic  proportions.  Wc  see,  as  we 
might  suppose,  that  the  divisions  are  of  unequal  magnitude. 

The  volumeter  may  easily  replace  the  alcoholometer,  if  we  only 
hmve  at  hand  a  table  in  which  the  quantity  of  alcohol  corresponding 
with  the  different  degrees  of  the  volinneter  is  given. 

A»  may  easily  be  supposed,  the  alcoholometer  is  not  applicable 
to  any  other  fluid  but  the  one  for  which  it  is  designed.  In  a 
similar   mnnner    areometers   have    been     constnicted   for    giving 
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accurately  the  proportions  of  aii  acid,  a  ealiiie  solution,  &c.      Aaj 
riG.  83.  however,    such    instruments  are  solely  applicable  to  the 
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Bingle  fluids  for  which  they  are  constructed,  it  is  better  to 
make   use   of  the  volumeter,  and  to  seek  in   the  tab! 
constructed  for  the  purpose,  the  proportions  correspom 
to  the  degrees  observed  on  the  volumeter 

It  now  only  remains  for  us  to  mention  the  older  areo* 
metric  graduations,  which,  however,  are  no  longer  of  use 
for  scicntiHc  purposes. 

Beaum^  ftxed  on  a  second  point,  in  addition  to  the 
watermark,  by  plunging  the  instrument  into  a  solution 
consisting  of  one  port  of  common  salt  and  nine  parts  of 
water.  The  space  intervening  between  these  two  points 
he  divided  into  ten  equal  pails,  which  he  called  degrees, 
the  dinsion  being  continued  beyond  the  two  tixed  points. 
The  water  point  is  marked  with  0  for  liquids  heavier  than 
water  when  the  degrees  are  counted  downwards^  while  for 
liquids  lighter  than  water,  the  water  point  is  marked  10, 
and  the  degrees  are  counted  upward.  It  is  easy  to  sec 
that  by  such  an  instrument  neither  the  specific  weight  nor  the 
proportions  of  a  fluid  mixturt:  can  be  ascertained. 

Cartier  made  an  unimportant  change  in  Beaume's  scale  by 
increasing  the  size  of  the  degrees,  tifteeu  of  bis  degrees  being  equal 
to  sixteen  of  Beaume's  instrument.  However,  little  benclit  may 
have  been  derived  from  this  alteration,  it  has  had  the  effect  of 
handing  down  his  name  to  posterity,  since,  in  spite  of  its  little 
value,   Cartier^s  scale  is  veiy  generally  known. 

In  Germany,  Meiszner  has  done  much  semcc  to  areometry,  and 
his  Treatiwe  publisbud  in  1816  ul  Vienna,  "  On  the  Application  of 
Areometry  to  Chemislr}'  and  Technology/'  is  perhaps  the  most 
valuable  work  that  we  have  on  the  subject.  Mciszner's  areometers 
consist  of  simple  cylindrical  glass  tubes  from  sue  to  tight  millimetrea 
in  diameter,  without  enlargement  at  the  lower  end,  which  is  tilled  with 
shot  imbedded  in  fused  sealing  wax;  the  scale  is  at  the  upper  end. 

The  following  table  gives  a  view  of  the  ajjecilic  gravities  of  certain 
bodies,  the  knowledge  of  wliich  may  frequently  prove  necessary,  or 
at  least  interesting. 
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TABLE    OF  THE    SPECIFIC   WEIGHTS   OF  SOME   SOLID    BODIES. 


Platinum — coined    .     ,  22.100 

„     rolled    ....  22.069 

„     fdaed    ....  20.857 

„     drawn  into  wire.  19.267 

Gold— coined      .     .     .  19.325 

„      fused  ....  19.253 

bidiom 18.600 

Tungsten 17.600 

Lead— fused  ....  11.352 

Palladium      ....  11.300 

SilTCr 10.474 

Ksmuth 9.822 

Coppei^^nalleable  .     .  8.878 

„    fused    ....  7.788 

„     drawn  into  wire.  8.780 

Cadmium       ....  8.694 

Molybdenum      .     .     .  8.61 1 

Brass 8.395 

Arsenic 8.308 

Nickel 8.279 

Uranium 8.1 

Steel     ......  7.816 

Cobalt 7.812 

Iron — wrought    .     .     .  7.788 

„      cast     ...     .  7.207 

Tb 7.291 

Antimony       ....  6.712 

Tellurium       .     .     .     .  6.115 

Chromium      ....  5.900 

Iodine 4.948 

Heavy  Spar    ....  4.426 

Selenium        ....  4.320 

Diamond 3.520 

Flint  glass — French      .  3.200 

„  English     .  3.373 

„  Frauenhofer.  3.779 

Bottle  Glass  ....  2.600 

Pkte  Glass     ....  2.370 

Tourmaline  (Green) .     .  3.155 

Marble 2.837 


Emerald 2.775 

Rock  Crystal.      .     .     .  2.683 
Porcelain — Dresden.     .  2.493 
„         Sevres    .     .  2.145 
„         China     .     .  2.384 
Sulphate  of  Lime  (Cry- 
stal)         2.311 

Sulphur  (Natural)    .     .  2.033 

Ivory 1.917 

Alabaster 1.874 

Anthracite      ....  1.800 

Phosphorus    ....  1 .770 

Amber 1.078 

Wax  (White) ....  0.969 

Sodium 0.972 

Potassium      ....  0.865 

Ebony 1.226 

Oak  (Old) 1.170 

Box 1.330 

Maple — Green     .     .     .  0.904 

„       Dry  ...     .  0.659 

Beach — Green     .     .     .  0.982 

„       Dry  ...     .  0.590 

Pine — Green  ....  0.890 

„       Dry  ...     .  0.555 

Alder— Green      .     .     .  0.857 

„       Dry  ...     .  0.500 

Ash — Green  ....  0.904 

„       Dry  ...     .  0.644 

Hornbeam — Green  .     .  0.945 

„       Dry  ...     .  0.769 

Linden — Green    .     .     .  0.81 7 

„       Dry  ...     .  0.439 

Mahogany      ....  1.060 

Nutwood 0.677 

Cypress 0.598 

Cedar 0.561 

Poplar 0.383 

Cork 0.240 


TABLE    OF   DENSITY   OP   LIQUIDS. 


r   or   SOME    LIQUIDS   AT   32®  F.,   UNLESS   OTHERWISE 
SPECIFIED. 


Tater   . 


1.000 
13.598 


Bromine    .     . 
Sulphuric  Acid 


2.966 

1.848 


LPIIURIC    ACID,    ACCORDING    TO    DELEZEUNE,    AT   59**    F. 

nt  acid 


.     .     .  1.066 

60  per  cent 

acid  . 

.  1.486 

.     .     .  1.138 

70 

.  1.595 

.     .     .  1.215 

80 

.  1.709 

.     .     .  1.297 

90 

.  1.805 

.     .     .  1.387 

100 

.     .  1.840 

DILUTE   NITRIC   ACID. 


nt  acid 

1.054 

> 

1.111 

t 

1.171 

1 

1.234 

$ 

1.295 

t 

1.348 

9 

.  1.398 

i 

.  1.458 

» 

1.473 

9 

1.500 
1.030 

•          • 

1.026 

Wines— Claret 

.     .  0.994 

„         Ctampagi 

ae  .     .  0.998 

Malaga 

.     .     .  1.022 

„         Moselle 

.     .  0.916 

„         Rhenish 

.     .     .  0.999 

Oils — Citron     . 

.     .     .  0.852 

Linseed  . 

.     .     .  0.953 

9)                ,aj»»»uvv.»*     ■ 

PoDDV 

.     .  0.929 

99              -.  "I'l' J 

Olive      . 

.     .  0.915 

99             ^rf  •»  .  V 

„       Turpentine 

.     .  0.872 

Alcohol,  absolute 

.     .  0.793 

Sulphuric  Ether 

.     .  0.715 

Sulphuret  of  Carb 

on.     .  1.272 

"k^a:) 
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_  CHAPTER    IV. 

MOLECULAR    ACTIOXS    BETWEEN    aOLfD    AND    LIQUID     BODIES,    AND 
BETWEEN    THE    SEPARATE    PARTICLES    OP    LIQUIDS. 


Adhesion  between  solid  and  Utpiid  bodies. — The  phenomena  of 
adhesion  occurring  between  8oUd  and  liquid  bodies  are  aimilar  to 
those  between  solid  bodies ;  that  is  to  sayj  liqiiids  adhere  more  or 
Ibbs  strongly  to  the  surfaces  of  solid  bodies.  If,  for  instance,  we 
iprinkle  a  few  drops  of  water  on  a  vertical  glass  plate,  they  will 
partly  remain  hanging:  to  it,  instead  of  dropping  down,  as  would 
be  the  case  if  the  gravity  of  the  drops  wore  not  counteracted  by 
another  force,  namely,  the  attraction  which  exists  between  the 
particles  of  the  liquids  and  the  surface  of  the  glass. 

This  adhesion  is  also  the  cause  of  liquids  so  easily  running  down 
the  outer  walla  of  the  vessels  when  we  would  pour  them  out ;  and 
to  avoid  tliis,  we  either  rub  the  outer  rim  of  the  vessels  with  fat,  or 
let  the  liquid  pass  along  a  moistened  glass  rod. 

Cttpillary  Tubes. — It  has  been  already  mentioned  that  the  upper 
surface  of  a  liquid  contained  in  any  vessel  is  horizontal.  This, 
however,  is  only  true  whea*c  the  molecular  action  cxerciaea  no 
disturbing  influence  upon  the  walls  of  the  vessel.  In  the  vicinity 
of  the  walls,  deviations  from  the  normal  surface  always  occur. 

If  one  end  of  a  glass  tube  be  plunged  into  a  liquid,  the  level  of 
the  liquid  in  the  tube  will  never  be  at  the  same  height  with  the 
np|)er  surface  of  the  Uquid  outside.  For  instance,  when  plunged 
into  water,  the  column  of  the  liquid  rises  in  the  tube  (Fig.  84) ;  but 
if  we  plunge  the  tube  into  mercury,  the  top  of  the  column  of 
84.  no.  85.  mercury  in  the  tube  will  be  lower  (Fig.  85). 
These  phenomena  of  elevation  and  depreasicm  are 
known  as  capillary  phenomeDGf  and  the  force  j)ro- 
ducing  them  as  capillary  attraction^  or  simply 
cvfiUarily.  This  force  not  only  acts  in  the  elc- 
ttion  or  depression  of  Ii({uJds  in  tubes,  but  is  at 
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CATIlXARr    TUBBS. 

wock  whererer  liquids  are  in  coniiection  with  solid  bodies,  or 
among  themselves,  or  where  solid  bodies  are  in  juxtaposition^ 
or  in  general  where  the  smallest  particks  of  ponderable  matter  are 
in  contact. 

It  is  easy  to  persuade  oneself  by  experiment  that  the  difference 
of  height  between  the  surface  of  liquids  in  tubes,  and  that  of  the 
external  tluid,  increases  in  proportion  to  the  narrowness  of  the 
bore  of  the  tube.  If  we  plunge  into  water  two  tubes,  of  which 
one  has  twice  as  Inrirc  a  diameter  as  the  other,  the  water  will  rise 
twice  as  high  in  the  narrower  tube ;  if  we  plunge  them  into 
mercury,  the  liquid  will  be  depressed  twice  as  low  in  the  narrower 
tube. 

The  difference  of  the  Icrcl  of  liquids  within  and  without 
the  tubes  is  inversely  as  the  diameter  of  the  tubes.  The  hei^t 
of  the  raised  columns  depends  in  the  above-given  manner 
upon  the  diameters  uf  the  tubes,  but,  if  the  walla  of  the  tubes 
have  been  wetted,  their  thickness  and  substance  arc  of  no  impor- 
tance ;  on  the  other  hand,  the  height  depends  especially  upon  the 
nature  of  the  bquid.  Tlie  following  is  the  elevation  in  a  tube  of  one 
millimetre  in  diameter  for  three  different  liquids  : — 


Water          .... 

.  29.79  millimetres 

Alcohol  (sp.  gr,  0,8135) 

.     9.15        „ 

Oil  of  turpentine 

.  12.72        „ 

PIO. 


We  must  not  omit  to  mention  that  when  a  liquid  rises  in  a  narrow 
tube,  the  surface  of  the  liquid  column  is  always  concave  (Fig.  86), 
forming  a  hollow  hemisphere  having  the  diameter  of  the  tube.  If, 
on  the  eontrar}',  there  be  a  depression,  the  top  of  the  liquid  will 
87,  a^umc  a  convex  form  (Fig.  87).  These 
forms  are  essentially  de|>endent  upon  the 
elevation  or  depression,  for  if  we  pass  any 
fatty  substance  over  the  minor  walls  of 
the  tube,  and  then  place  it  into  water, 
we  obtain  a  convex  meniscus,  exactly  as  if  wc  had  immersed  an 
ordinary  glass  tube  in  mercury.  It  follows,  therefore,  that  the 
differences  of  the  level  depend  upon  the  fonn  of  the  meniscus,  and, 
conseqticntly,  that  all  aecidrrttal  causra  which  hinder  the  meniscus 
from  assuming  its  regular  form,  also  modify  the  height  of  the 
columns.  If,  for  instance,  a  tube  be  not  perfectly  smooth  and 
clean   intenially,  indentations  will  appear   at  the  border   of  the 
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kenueas^  and  we  then  obtain,  on  frequently  repeating  the  experi- 


mt, 
The 


very 


various  resuJts 
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of  blotti 
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power  01  Diottinp-papcr  in  taking  np  Uquida,  the  action 
the  wicks  of  candles  and  lamps,  the  efflorescence  of  saturated 
solutionsj  &c.,  all  depend  ujion  the  action  of  capillary  tubes.  The 
veasels  of  plants  conveying  the  sap  upwards  from  the  roots  arc 
remarkably  minute,  and  act  on  this  principle. 

Comwction  between  (he  particles  of  a  Liquid. — Although  liquids 
have  no  independent  form,  and  althoujrh  their  separate  particles 
admit  of  beinj^  most  easily  displaced,  the  connection  existing 
between  them  does  not  cease,  as  we  see  exemplified  in  the  cfl«e  of 
the  formation  of  drops.  If  we  pour  water  upon  a  surface  strewed 
with  lycopodium  seed,  or  merrur\',  into  a  porcelain  vessel,  drops 
almost  spherical  will  be  formed.  If  no  connection  existed  between 
the  separate  jjarticles  of  the  water  and  the  mercury,  they  would  fall 
asunder  like  dust ;  in  slowly  pouring  liquids  from  any  vessel,  they 
will  not  fall  in  separate  drops  ;  such  a  drop  only  falling  if  its 
wi»iirht  be  sufficiently  great  to  effect  at  once  a  separation  from  the 
remaining  mass  of  the  liquid. 

The  cohesion  existing  between  the  separate  particles  of  a  liquid 
can  be  directly  measured.  If  a  solid  disc  be  placed  upon  the 
surface  of  a  liquid,  it  can  no  longer  be  lifted  up  in  an  horizontal 
position  with  the  same  force  as  when  hanging  freely  in  the  air ;  a 
greater  or  smaller  additional  force  being  neccssar)'  to  draw  it  up. 

We  make  use  of  the  balance  in  order  to  measure  this  force.  On 
the  one  side  wc  hang  an  horizontal  disc,  and  on  the  other  we  lay  a 
balancing  weight  to  establish  equilibrium.  If  the  whole  be  equi- 
poised, we  a])proximate  the  surface  of  a  litjuid  to  the  under  part  of 
the  disc  until  they  meet,  and  then,  without  shaking  the  balance, 
we  add  weights  to  the  opposite  side,  remarking  the  quantity 
neccasjiry  to  separate  the  liquid  from  the  disc. 

In  order  to  remove  a  glass  disc  of  118""  diameter,  different 
weights  arc  required  for  different  liquids.    As  for  instance  : — 


Water  . 
Alcohol  . 
Oil  of  turpentine 


.  .59  grammes. 
■  31       „ 
.  34       ., 


A  disc  of  equal  diameter,  and  constructed  either  of  copper  or  any 
other  substance,  wetted   by  a  liquid,   yields  precisely  the  same 
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results.  Adiiesiou  ts,  therefore,  like  capillarity,  independent  of  the 
nature  of  the  solid  bodies,  and  depends  only  upon  the  nature  of  the 
liquids.  It  is  easy  to  see  the  reason  of  this,  for  on  drawingt  it  up  there 
always  remains  a  layer  of  the  liquid  on  the  disc  ;  tht-  bquid,  there- 
fore, has  not  been  separated  from  the  disc  by  the  preponderance  of 
weight  on  the  other  side,  but  the  molecules  of  the  liquid  have  been 
severed  from  each  other,  and  the  cohesion  of  the  liquid  has  been 
overcome.  The  experiment«  adduced  yield,  therefore,  a  measure 
for  the  cohesion  of  liquids,  and  for  the  attraction  esistiuf;  between 
their  particles,  and  we  thus  see  how  considerable  ia  this  attraction, 
and  that  it  changes  vrith  the  nature  of  the  liquids. 

If  the  upj>er  surface  of  the  disc  be  not  moistened  with  the  liquid, 
as  for  instance,  is  the  case  when  we  place  a  gloss  disc  on  mercury, 
the  extra  weight  effecting  the  separation  no  longer  expresses  the 
cohesion  of  the  liquid. 

It  is  necessary  to  use  a  force  of  about  200  grammes  to  raise  a 
glass  disc  of  the  above  dimensions.  It  follows,  therefore,  that, 
even  when  a  solid  body  is  not  moistened  by  a  liquid,  a  greater  or 
smaller  attraction  will  still  exist  between  the  molecules  of  the  liquid 
and  those  of  the  solid  body,  only  in  this  ease  the  cohesion  of  the 
liquid  is  greater  than  the  adhesion  between  the  liquid  aud  the  solid 
body. 

The  phenomena  here  treated  (if  may  be  considered,  in  a  theore- 
tical point  of  view,  in  the  fullowing  maimer : — Mercury  forms 
spherical  drops  upon  paper,  and  water  upon  an  imctuous  or 
sprinkled  surface. 

Thia  jjlienomenon  is  u.sually  explained  by  the  universal  attraction 
of  all  niokculca  to  one  another,  on  the  same  ])rinciplc  that  we 
explain  the  spherical  forumtion  of  the  buaventy  bodies.  But  this 
explanation  is  not  udmis-siblc,  since  molocidar  attraction  acts  very 
differently  from  universal  gi*avity ;  and  since,  from  its  acting  only 
at  imperceptible  distances  upon  contiguous  molecules,  it  cannot  be 
80  coudcuBcd  as  to  form  a  central  point  of  attraction  simdar  to  the 
central  point  of  gra\itation  of  the  planets.  The  following  seems  to 
be  a  more  correct  mode  of  clucidatiiifc  the  subject : — 

The  molecules  of  a  liquid  must  remain  at  such  a  distance  that 
attraction  and  repulsion  shall  neutralize  each  other.  This  is  only 
possible  when  the  niolLTuk's  are  ho  placed  in  regular  layers  that 
each  molecule  is  surrounded  by  twelve  others,  something  in  the 
manner  that  cannon  balls  of  ei|ual  size  are  wout  to  be  ranged. 
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Tkis  lUTangcTnent  remains  also  undisturbed  where  tlic  liquid  termi- 
nates in  a  level  siirfuce.  Every  molecule  is  subject  to  perfectly 
[ual  actions  from  all  side.%  and  all  the  molecules  arc  perfectly 
tquidistant  one  from  the  other.  Such  an  arrangement  may  be 
tenned  the  normal  arrangement  of  the  molecules.  If  a  part  of  the 
limiting  surface  be  curved,  the  reciprocal  apposition  of  the  mole- 
cules can  no  longer  remain  the  same ;  and  such  a  dc|>ositiou  may 
be  termed  abnormal. 

As  soon  as  the  normal  position  of  the  molecules  is  disturbed  by 
any  ertema!  force,  the  hitherto  perfect  equilibrium  of  the  whole 
will  be  disturbed,  a  tension  will  arise,  striving  to  restore  the 
disturbed  parallelism  of  the  layers,  and  bring  back  the  particles  of 
the  liquid  to  their  normal  position  as  soon  as  the  distiu*bLng  cause 
ceftaes  to  act.  If  we  plunge  a  rod  moistened  by  a  liquid  into  the 
samCj  we  may,  by  slowly  drawing  it  out,  fonn  an  elevation  which 
will  immediately  be  restored  to  a  plane  surface  on  entirely  renjoving 
the  rod- 

This  certainly  can  only  be  the  consequence  of  gravity ;  but 
the  same  thing  occurs  m  the  reversed  position  of  the  plane.  If 
we  till  with  water  a  tube  not  exceeding  three  lines  in  diameter, 
and  having  one  end  open,  we  may  revolve  it  without  the  water 
escaping.  It  forms  a  hanging  plane,  from  which,  as  in  the 
former  instance,  then  arise  elevations,  which,  after  separation, 
in  opposition  to  the  action  of  gravity  return  to  the  plane 
surface. 

A  liquid  strives,  therefore,  to  terminate  in  a  plane  surface ;  but  a 
mass  free  on  all  sides  cannot  be  sun'ounded  by  one  single  plane. 
If  it  were  boimded  by  plane  surfaces,  the  edges  would  be  soon 
flattened  by  the  tension  of  the  molecules;  but,  if  the  mass  were 
bounded  by  a  curved  surface,  whose  curves  were  not  equal  on  all 
sides,  a  stronger  tension  wotild  naturally  also  occur  at  the  more 
stnjugly  cuned  parts  of  the  surfaces,  tending  to  the  [ivTfect 
sphericity  of  the  whole.  The  roundness  of  the  air-bubble 
de]>ends  upon  the  same  principle.  The  superticial  molecules  of 
a  perfectly  free  liquid  compose,  therefore,  a  network,  forcibly 
conjprcssing  the  minor  part.  If  we  make  a  soap-babble,  it 
will  retain  its  size  as  long  as  we  keep  the  opening  nf  the  tube 
closed,  hut,  as  soon  as  this  ceases  to  be  done,  the  bubble  will 
diminish  more  and  more.  If  the  air  in  the  bubble  were  not 
comprcsftexl  by  the  enelosing  liquid,  and  if  it  were  not  denser 
than    the    surrotinding     atmosphere,    it    would    remtiiu    in    the 
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bubble,  and  aut  be  forced  into  the  tube  Against  the  fttmosplieric 
pressure  of  the  air. 

If  mercury  is  put  into  a  gloss,  it  will  stand  off  from  the  aides  of 
the  ressel,  although,  perhaps,  not  perceptibly ;  if,  however,  we 
add  water  or  olive  oil,  either  will  fill  the  interval.  In  badly 
prepared  barometers,  air  will  also  force  itself  through  this  inten'al 
into  the  Torricellian  vacuum.  The  mercury  forms  a  large  drop 
lying  free  in  the  glass,  and  its  form  depends  upon  the  walla  of  the 
vcuel.  It  terminates  su]>cnorly  in  an  horizontal  surface,  which, 
bowever,  cannot  reach  to  the  sides  of  the  vt»si*ol,  owing  to  the 
sharp  edge  of  the  drop  having  been  rounded  off,  as  we  have  before 
Mud. 

If  a  drop  of  mercury  be  poured  into  a  perfectly  cylindrical  glass 
tube  placed  horizontally,  the  drop  will  form  a  cylinder  rounded  at 
cither  end.     No  motion  can,  however,  arise,  as  the  convexity  is. 
mpial  Ht  Ixjth  ends. 

But,  if  the  tube  be  conical  (Fig.  88),  the  mercury  will   be  more 
*8-  cuned  at  the  narrower  end  ;  the  tension 

of  the  abnormally  placed  molecules  is^ 

therefore. 


no. 


here  than 


the 


greater  nerc  man    on 
other  side,  and  the  consequence  of  this  preponderating  tension  is, 
that  tlic  mercury  moves  to  the  wider  end. 

If  we  entirely  till  a  narrow  tube  with  mercury,  and  place  it 
horizontally,  U-tting  the  one  end  communicate  with  a  drop  of  mer- 
cury at  the  extremity  of  the  tube»  the  latter  will  increase  until  the 
merciu'v  at  length  entirely  heaves  the  tube,  and  is  collected  in  one 
largo  drop.  Tlic  n*ason  of  this  is  easily  understood.  By  the 
strong  curvature  of  the  convexity  at  the  end  of  the  cylinder  of 
mercury,  there  arises  on  this  side  a  far  stronger  pressure  on  the 
mass  than  on  the  side  of  the  drop. 

If  a  glass  lube  be  plunged  vertically  into  mercur)',  the  liquid  will 
be  deepor  within  than  without  the  tube,  as  the  strong  convexity 
of  the  cylinder  <tf  ruereurj'  acts  depressingly  in  the  tube.  It  is 
also  clear  that  the  narrower  the  tube,  the  greater  will  be  the 
depression. 

If  a  liquid  adhere  to  the  walls  of  the  vessel  and  wets  tliem,  it  can 
no  longer,  as  in  the  former  instance,  be  regarded  as  a  large  drop ; 
the  upper  surface  cannot,  therefore,  as  there,  assume  a  convex 
form.  The  molecules  of  the  walls  of  the  vessel  in  contact  with 
the  liquid  act  upon  the  latter  as  the  molecules  of  the  liquid  U|>ou 
one  another.     The  solid  walls  of  the  vessel  are,  therefore,  only  to 
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nmsidered  as  a  rig-id  continuation  of  the  liquid.  The  air  above 
the  liquid  in  the  vessel  must,  therefore,  be  refjarded  as  a  babble, 
bounded  mferiorly  by  the  liquid,  and  ou  all  sides  by  the  walls  of 
the  vesdel.  If  the  surface  of  the  liquid  were  perfectly  even,  the 
bubble  would  have  a  sharp  edge  where  the  fluid  and  the  walla  of 
the  vesRcl  came  in  contact,  which  would  immediately  be  rounded 
off  by  the  mutual  attraction  uf  the  molecules  of  the  wall  and  the 
fluid ;  aa,  however,  the  molecxiles  of  the  vessel  are  solid,  the 
mrface  of  the  liquid  must  necessarily  assume  a  concave  form,  while 
the  molecules  of  the  liquid  ascend  the  sides  of  the  vessel.  In  the 
bubble,  however,  the  tension  of  the  abnormally  placed  molecules 
of  water  exercises  a  pressure  upon  the  enclosed  nir ;  and  then  the 
concave  surface  of  the  liquid  also  exercises  an  upward  pressure 
against  the  air  of  the  bubble.  A  drop  of  water  in  a  horizontal 
cylindrical  ^lass  tube  will  form  a  cylinder  concave  at  both  ends, 
and  stationary,  owing  to  the  concavity  being  equal  at  both  ends. 
If  the  tube  be  conical,  the  one  concavity  must  necessarily  be  more 
ingly  curved  than  the  other,  and,  by  the  preponderating  tension 

the  stronger  curved  eitremity,  the  water  will  be  drawTi   towards 

no.  89.  the  narrower  part  of  the  tube  (Fig.  89). 

■  In   the    same    manner   we   may    easily 

'-  —         '     explain,  by    the  action  of  concave  sur- 

the  rising  of  water  in  a  tube  plunged  vertically  into  that 

liquid. 

If  a  hollow  glass  sphere  swim  on  water,  the  liquid  will  begin  at  a 
distance  of  more  than  six  lines  to  rise  against  the  ball.  If  now  we 
put  a  second  glass  sphere  into  the  water,  at  about  one  inch  from 
the  former,  the  balls  will  begin  to  approach  each  other,  at  first 
slowly,  then  more  and  more  rapidly,  until  they  finally  strike  one 
another  (Figs.  90  and  91).     If  both   bulls  had    been    fixed,  the 

^^^  no.  90.  Pio.  91- 

f  water  between  the  balls  would  have  risen,  in  consequence  of  its 
striving  to  come  to  a  level ;  but,  as  they  are  moveable,  the 
adlieriug  water-surfaces  sinking  from  the  action  of  gravity 
must  draw  together  the  balls  between  which  they  were  inter- 
fioecd. 
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EUutieity  of  Liquid8,~Liqmd  bodies  are  also  in  some  respects 
elastic^  for  they  allow  themselTes  by  means  of  a  very  strong 
pressure  to  be  reduced  to  a  volume  somewhat  smaller  than  their 
original  massj  and  resume  their  former  volume  on  the  removal  of 
the  pressure.  Oersted  first,  and  subsequently  CoUadon  and 
Sturm  have  made  experiments  upon  the  compressibility  of  liquids, 
but  we  should  be  drawn  into  too  wide  a  digression  were  we  to 
enter  fully  into  a  description  of  what  they  have  done.  The 
pressure  of  one  atmosphere  (an  expression  that  we  will  explain  in 
the  proper  place)  compresses  mercury  to  about  three,  and  water  to 
about  forty-eight  millionth  parts  of  their  volume. 
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CHAPTER   V. 

OP    THE    EQUILIBRIUM    OF   GABKft,    AND    OF    ATMOSPHERIC 
PRB88URE. 


AiB  is  a  body  that  does  not  act  immediately  upon  the  senses 
^as  solid  and  liquid  hodies,  but  manifests  itself  by  so  many  pheno- 
mena upon  the  land,  and  over  the  waters  of  the  earth,  that  it  will 
be  unnecessary  to  seek  for  other  proofs  of  its  existence.  There  ai'c 
thunderstorms  in  cvei7  climate,  and  storms  on  every  sea ;  the  air, 
therefore,  everywhere  surrounds  the  whole  globe  of  earth,  forming 
at  all  ]}oints  a  layer  uf  great  thickness ;  for  clouds  driven  by  the 
winds  pass  alike  over  plains  and  hills.  Above  the  clouds  we  see 
the  glohoutt  colour  of  the  sky,  evincing  the  height  of  the  air  as  the 
colour  of  the  ocean  does  the  depth  of  its  waters.  If  there  were  no 
air,  the  sky  would  be  without  colour  and  brightness,  appearing 
but  as  a  perfectly  black  vault,  in  which  the  stars  would  appear 
with  the  same  splendour  by  day  as  by  night.  This  vast  mass  of 
air  spread  over  the  earth,  and  stretching  high  over  the  summits  of 
the  loftiest  mountains,  bears  the  name  of  the  atmosphere.  The 
highest  peak  of  the  Himalaya  scarcely  stretches  five  miles  above 
the  level  of  the  sea,  while  the  air  rises  to  a  height  at  least  sLx  or 
seven  times  loftier. 

The  chemical  discoveries  of  the  past  century  have  taught  us  to 
know  many  bodies  possessing  the  same  physical  properties  as  the 
air,  although  very  different  in  their  nature.  They  were  termed 
airSj  and  were  spoken  of  as  mephitic,  combustible,  and  fixed  airs. 
In  the  present  day,  they  are  called  gases,  gasftms  bodies,  or  elastic 
fluids. 

Gases  are,  like  liquid  bodies,  subject  to  two  different  forces, 
gravity  and  molecular  forces. 

At  a  very  remote  period,  even  before  the  time  of  Aristotle,  it 
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WM  conjectured  that  air  had  weight.  This  truth  was,  however, 
first  pn>ved  by  Galilcftj  in  16-K),  and  confirmed  somewhat  later  by 
the  beautiful  experiments  of  Torricelli.  The  heaviness  of  the  air  may 
be  directly  proved  by  the  following  experiment : — We  take  a 
balloon  provided  with  a  cock,  and  from  which  the  air  has  been 
removed  by  means  of  an  air-pump ;  hang  it  on  one  arm  of  a 
balance,  and  lay  sufficient  weight  on  the  opposite  side  to  establish 
equilibrium.  If  now  we  turn  the  cock,  the  balloon  will  again  be 
filled  with  air,  the  equilibrium  disturbed,  and  the  balance  inclined 
to  the  side  of  the  balloon.  Wc  must  now  again  lay  on  sufficient 
weight  to  equipoi^  the  whole,  and  this  will  he  precisely  as  much 
as  the  air  in  the  balloon  weighs.  For  a  balloon  of  one  litre,  the 
difFereucc  of  weight  amounts  to  more  than  one  gramme,  from 
whence  it  follows,  at  a  rough  estimation,  that  imdcr  ordinary 
circumstances^  one  litre  of  air  weighs  more  than  one  gramme;  that 
is,  that  water  is  not  quite  1,000  times  so  he4i\7  as  common  air. 

Instead  of  a  balloon  with  a  cock,  we  may  use  the  following  cheap 
arrangement,  which  has,  further,  the  advantage  of  weighing  much 
less  under  an  equal  volume  than  the  former.  We  must  take  a 
balloon  of  not  very  thick  glaas^  and  not  a  very  narrow  neck 
(Pig.  92).  The  neck  must  be  carefully  closed  with  a  tightly- 
fitting  cork,  j)erforated  through  the  middle  with  an  opening  about 
two  millimetres  in  diameter.  The  cock  must  now  be  tied  down 
with  oil  silk,  as  seen  in  Pig.  92,  and  on  a  larger  scale  in  Fig.  93. 
In  this  manner  the  inner  part  of  the  balloon  is  completely  secured 
from  the  access  of  external  air.  Near  the  |Mirt  covering  the 
no.  92.  opening  of  the  cork,  we  make  two 

*_!*.  —     A«  f^ts  into  Uie  oil  silk,  as  seen  in 

•  Fig.  93,  and  then  the  balloon  ia 

^A  j^-*"— ^'^^     to  a  certain   extent  closed  ^ith  a 

^^^^^^  tH^^^T       ^'^^c    through     which     air    may 

^I^^^^^L  ^^3^K       escape  from  the  balloon,  but  can- 

HI^^^^H         \zJgS^       not  enter  into  it.     In  making  this 
^HH^^V  [      1^         experiment    we    first    weigh    the 

^^^^^H»  balloon  while  full  of  air;  we  then 

bring  it  under  the  receiver  of  the 
air-])ump,  when,  on  exhausting  it^  the  air  in  the  balloon  will  also 
be  removed;  when  thus  emptied  it  must  be  reweighed,  when  wc 
ttliall  find  that  it  has  become  lighter. 

Molcculai*  forces  act  very  differently  in  guttcs  from  what  they 
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in  solid  and  liquid  bodies.  Wc  have  seen  that  these  forces 
hold  fimily  toj^nlier  tlic  molecules  of  solid  bodies,  so  that  they 
ouiDot  change  their  respective  positions.  They  also  hold  togetheT 
molccidea  of  liquid  bodies,  but  only  in  such  a  manner  as  to 
tlicm  more  freedom  in  displacing  each  other  in  all  directions, 
gases,  howe\*er,  molecular  forces  act  repulsively,  the  moleculca 
gaseous  bodic3  having  a  tendency  to  move  reciprocally  away 
from  each  other,  and  that  to  S4)  preat  an  extent  that  nothing  but 
mal  impediments  can  hinder  their  further  expansion.  The 
contained  in  a  vessel  presses,  therefore,  continually  against  its 
sides. 

This  tendency  in  air  to  expand  w\i\  be  easily  shown  by  the 
following  exjjcriment : — "We  lay  under  the  receiver  of  the  air-pump 
an  animal  bladder  containing  but  little  air,  and,  therefore,  wrinkled, 
ving  its  opening  tightly  secured.  After  a  few  strokes  of  the 
n,  the  bladder  becomes  intlated,  and  at  last  is  tensely  stretched^ 
as  if  air  had  been  Wolenlly  injected.  If  we  suffer  the  air  to  return 
to  the  receiver,  the  bladder  will  again  shrivel  up.  The  air  enclosed 
m  the  bladder  has,  therefore,  really  a  tendency  to  expand,  but 
meets  with  opposition  from  the  surrounding  air.  Instead  of  a 
bladder  we  might  have  placed  a  thin,  firmly-corked  glass  under 
the  receiver,  when  the  stopper  would  either  have  been  forced  out, 
or  the  glass  would  have  been  burst,  provided  the  cork  were  not 
fimdy  placed,  or  the  glass  too  strong.  This  pressure  exerciscHl 
e  air  u{>on  the  sides  of  the  enclosing  vessel  is  what  we  term 

liciit/,  power  of  tentiony  or  force  of  expangiun. 

feather  only  manifests  elasticity   if  we  compress  it ;  it  loses 

tension  as  soon  as  it  returns  to  its  original  condition.     But 

has  always  an  expansive  force;  it  cannot  be  said  to  have  any 

iginal  volume,  for  it  always  strives  to  occupy  a  larger  space.     If 

were  to  admit  one  litre  of  common  air  into  a  vacuum  of  several 

bic  metres,  it  would  distribute  itself  equally  throughout  the 

whole    space,    and    would    always  manifest    a   tendency   to    cx- 

>aiid,    exercising,   consequentiv,   a  pressure  upon    the   enclosing 

lis. 

The  construction  of  the  air-pump,   an  instrument  to  which  we 

have    already    repeatedly   alluded,    and   which    we   purpose   now 

ribing  more  fully,   depends  upon   the  tendency  manifested  by 

e  air  of  occupymg  as   large  a  space  as  possible.     If  the  air  had 

power  of  tension,  no  elasticity,  in  the  sense  we  have  asoibed 
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to  the  words,  it  could  not  distribute  itaelf  out  of  the  receiver  of 
the  air-pump  ;  mthout  its  tendency  to  expand,  the  air  could  not 
escape  fi'om  the  balloon,  even  if  we  removed  the  weight  of  air 
pressing  from  without  upon  the  valve. 

It  follows,  from  the  expansive  force  of  gases^  that  they  cannot 
be  bounded  by  a  free  even  surface,  as  is  the  case  with  Huida. 
Two  forces,  gravity  and  the  force  of  expansion,  act  upon  the  air 
of  our  atmoHphcre  and  counterpoise  each  other.  By  gravity  the 
particles  of  the  air  ai*e  attracted  to  the  earth  :  this  force,  therefore, 
exercises  a  tendency  to  condense  the  air  upon  the  earth's  surface, 
which  is  counteracted  by  the  force  of  expansion.  The  atmosphere 
is,  therefore,  probably  limited,  as  the  expansive  force  diminishes  so 
much  at  a  certain  degree  of  rarefaction,  that  the  gravity  of  the 
particles  of  air  is  alone  sufficient  to  hinder  a  further  removal 
from  the  earth. 

Pressure  of  the  Air. — If  the  common  conditions  of  equilibriam 
be  satisfied,  wc  may  prove  by  direct  experiment  that  all  the  under 
layers  of  air  are  pressed  upon  by  the  upper,  and  that  the  arnoimt 
of  this  pressure  varies  as  wc  ascend  more  and  more  above  the 
level  of  the  sea. 

Let  us  place  a  glass  cylinder,  with  some\\'hat 
thick  sides,  upon  the  plate  of  the  air-pnnij^  and 
cover  the  vessel  with  a  bladder  tightly  stretched, 
and  tirmly  tied  over  the  top.  The  bladder  siiffers 
an  i;qual  pressure  on  both  sides,  and  forms, 
therefore,  a  level  surface.  If,  now,  by  any 
means,  wc  force  additional  air  into  the  cylinder, 
the  bladder  will  be  arched  outwards  ;  b\it  if,  on  tlie  contrary,  we 
remove  any  of  the  air  from  the  cylinder,  the  external  jireasiun;  of 
air  will  preponderate,  and  force  the  bladder  inwards.  The  latter 
may  easily  be  shown  by  means  of  the  air-pump.  After  the  first 
few  strokes  of  the  piston,  the  bladder  will  already  be  cur\cd  down- 
wards, and  the  moi*c  we  exhaust  the  air  the  more  this  curvature 
increases.  If  wc  strike  the  bladder  with  any  sharp  body  when  it 
is  thus  stretched,  it  will  be  torn  in  a  thousand  pieces,  with  a  noise 
like  the  report  of  a  ]»istol.  Tliis  sound  is  produced  by  the  air 
forcing  itself  in  ;  and  we  may  thus  form  some  idea  of  the  amount 
of  the  pressure  of  air  resting  u(>on  the  bladder. 

If  we  had  so  far  altered  the  experiment  as  to  have  ])laced  the 
bladder  in   an   oblique  ]>osition,  or  made  tlic  pressiux*  of  air  act 
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&om  bdoVj  we  should  have  obtained  the  same  result,  as  the  air 
pcrtv^cs  iu  all  directions  in  an  equal  manner. 

lliis  exi)criment  appears  very  striking,  when  we  think  that  the 
air  Ln  a  room  i»  able  to  cxerci^ic  so  enormous  a  pressure.  This* 
effect  e-annot  arise  from  the  weight  of  a  column  of  air  rcstinp;  U|M)m 
tbc  bladder,  and  stretching  from  thence  to  the  ceiling  of  the 
room,  for  even  a  column  of  water  of  this  height  could  not  produce 
siicli  a  result.  If  the  experiment  were  made  in  the  open  air,  the 
bladder  would  evidently  have  to  sustain  the  pressure  of  a  eoluum 
of  air  whose  height  is  equal  to  the  height  of  the  whole  atmos- 
phere. The  same  pressure  acts  in  a  room,  for  the  air  within  the 
room  is  acted  upon  by  the  whole  pressure  of  the  atmo8j>here. 

Measurement  of  Atmospheric  Presst4re. — As  the  air  surrounds 
the  whole  earth,  it  presses  upon  everything  as  upon  the  bladder, 
upon  the  land  as  upon  the  ocean.  If  we  plunge  one  end  of  a 
tube  into  a  vessel  tilled  with  water,  the  lluid  will  rise  as  high 
within  the  tube  as  without,  for  tlie  pressure  of  the  air  iu  the  tube 
acts  preciaoly  the  name  upon  the  level  of  the  Huid  as  without  the 
tube.  But  if  we  abstract  a  portion  of  the  air  from  the  tube,  the 
fluid  wiU  continue  to  rise  as  long  as  we  remove  the  air.  By  this 
exhaustion  the  air  within  the  tube  is  diminished,  while  the  external 
pressure  of  the  air  remains  the  same.  The  preponderance  of  the 
external  pressure  of  air  raises  the  fluid  within  the  tube,  untd  the 
weight  of  this  raised  column  of  water  equipoises  the  preponderance. 
If  we  entirely  exhaust  the  air  in  the  interior  of  the  tube,  the 
water  must  rise  (provided  the  tube  be  high  enough),  until  the 
weight  of  the  raised  column  of  water  is  equal  to  the  weight  of  a 
column  of  air  of  the  same  base  reacliing  to  the  Umits  of  the 
atmosphere.  In  this  manner  we  may  ascertain  the  weight  of  a 
column  of  air,  whatever  be  its  height. 

We  have  to  thank  the  meehamciaua  of  Florence  for  the  first 
germ  of  the  discovery  of  this  important  law.  On  trying  to  raise 
water  above  thirty-two  feet  in  a  suction  pipe,  they  found  to  their 
great  sur|)riae  that  the  fluid  would  not  rise  beyond  that  altitude. 
Tlie  rising  of  a  fluid  was  exjjlained  at  the  time  by  sajing  that 
Nature  abhors  a  vacuum ;  but  this  reason  did  not  satisfy  GaliIeO| 
who,  on  hearing  of  the  observations  made  by  the  pump-iuakers, 
at  once  came  to  the  couvieliou  that  the  granty  of  the  air  was  the 
tnie  cause  of  the  phenomenon.  His  pupil,  Torricelli,  gave  cou- 
viacing  proofs  of  the  truth  of  this  conjecture,  and  arrived  at  nearly 
the  following  results.      In  order  that  two  different  columns  of 
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fluid  should  be  equi)>oiiied^  it  is  necessary  that  their  heights  must 
be  inversely  as  their  densities.  Mercury  weighs  nearly  fourteen 
times  as  much  as  water.  If,  now,  the  atmospheric  air  can  support 
a  column  of  water  thirty-two  feet  in  heij^htj  it  must  also,  according 
to  the  above  view,  be  able  to  sustain  a  column  of  mercury  II,  that 
is,  of  twenty-eight  inches  in  height.  The  experiment  is  easily 
made.  We  till  with  nicrcur)'  a  glass  tube  of  about  thirty  inches 
in  lengthy  and  closed  at  one  end,  and,  holding  the  finger  over  the 
open  end,  invert  it.  IF,  then,  we  plunge  the  end  closed  by  the 
ting(?r  into  a  vessel  with  mcrciuy,  and  then  remm'c  the  finger, 
no.  95.  the  mercury  ^*ill  immediately  sink  some  inches,  until 
;  I  the  elevation  of  the  mercury  in  the  tube  is  as  much 

beyond  the  level  of  the  mercury  in  the  veaacl  as  follows 
from  the  above  considerations.  The  column  of  mercury 
in  the  tube  is  to  bo  regarded  as  an  equipoise  to  the 
pressure  of  the  atmosphere.  This  apparatus  consti- 
tutes the  baromrfpr.  The  vacuum  above  the  column 
of  mercury  is  termed  the  Torricellian  vacuum.  Wc 
may  ex]>ress  the  above  results  more  correctly.  The 
vertical  height  of  the  level  &  in  the  tube  above  tlic 
level  ff  A  is  called  the  Height  of  the  barometer.  It  is 
not  the  same  in  fill  places,  or  at  all  times.  In  the 
aR^M^I  viciuit)'  of  the  sea  it  averages  76  centimetres,  or,  what 
^^H  is  nearly  the  same  thing,  28  Paris  inches.*  Such 
a  oohimn  of  mcrcur\',  with  a  base  of  1  square  centimetre, 
has  in  cubic  contents  76  cubic  centimetres.  As,  now,  1  cubic 
centimetre  of  mercury  weighs  13.59  grammes,  the  pressure  of 
the  column  on  its  base  is  76x13.59  grammc8=l,033  kilo- 
grammes. The  column  of  atmospheric  air,  which  at  the  level  of 
the  sea  rests  upon  a  base  of  1  squm*c  centimetre,  presses,  there- 
fore, on  its  surface  with  a  weight  of  1,033  kilogrammea.f  Wc 
may  carry  this  computation  still  further,  and  determine  the 
weight  of  the  whole  mass  of  air  composing  the  atmosphere. 
For  instance,  whatever  nuuiber  of  cubic  centimetres  the  earth's 
surface  contains,  so  many  times  1,033  kilogrammes  does  the  mass 
of  the  air  weigh. 

Coiistruction  of  the  Barometer. — Barometers   have  had  various 
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forms  gi\*en  to  tbenij  accordiDg  to  the  several  uses  lor 
which  they  are  intended.  Fig.  96  reprciw'nta  the  ordi- 
nary barometer,  consisting  of  a  tube  which  is  cnr\'ed  at 
the  bottom,  and  terminates  in  a  wide  vessel,  the  whole 
being  secured  to  a  board.  The  graduated  scale  it 
generally  made  of  raetal.  If  the  vessel  be  somewhat 
wide  m  comparison  with  the  bore  of  the  tube,  the 
oscillations  of  the  column  exercise  but  little  influence 
upon  the  level  of  the  mercury  in  the  vessel,  so  that  in 
cases  where  extreme  cxactitiule  is  not  requisite,  this 
level  may  be  regarded  aa  constant.  In  these  baro- 
meters, which  caunc»t  be  used  in  very  nice  obscrvationa, 
the  scale  is  generally  contined  to  the  upper  part  of  the 
instrument. 

In  travelling,  the  syphon  baromeier  of  Gay  Lussac 
is  almost  exclusively  made  use  of,  owing  to  the  accu* 
rate  results  it  yields,  the  facility  of  observing  it, 
and,  al}ove  all,  the  case  with  which  it  can  be  carried. 

Tlie   open  limb    lias   ouly    a  capillary    aperture   of 

^^pflScient  sixc  to  admit  the  air  freely,  and  too  small  to  allow  of  the 
jWnercury  escaping.     We  may,  therefore,  invert  it,  without  fear  of 
losing  the  mercury. 
rio.  97.  In  these  barometers,  the  lower  surface  of  the  mer- 

curj'  which  ia  exposed  to  the  pressure  of  the  atmos- 
pheric air  has  no  fixed  position.  The  zero  point  from 
which  the  height  of  the  coluum  of  mercury  nuist  be 
measured  rises  and  falls.  Fur  the  sake  of  safe  and 
convenient  transportation,  (he  syphon  barometer  is  gene- 
rally fiustened  into  a  wooden  case  (Fig.  97),  forming 
a  staff  or  rod  when  closed. 

Whatever  may  be  the  form  of  the  barometer,  certain 
conditions  must  be  satisfied  if  the  instrument  is  to  give 
the  escact  amount  of  atmospheric  pressure.  The  height 
of  the  column  of  mercury  must  admit  of  being  accu- 
rately measured,  whicli  can  ouly  he  done  if  the  tube 
be  in  a  perfectly  vertical  position.  The  degrees  of  the 
Bcale  arc  either  marked  u]K)n  a  slip  of  brass  inserted 
in  the  board  to  which  the  tube  is  secured,  or  are 
engraved  upon  the  tube  itself. 

The  space  above  the  column  of  mercury  must  be 
perfectly  fi'^p  of  air.  The  only  way  of  effecting  this 
object  is  by  boiling  the  mercury  ia  the  tube,  and  thus 
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removing  all  particles  of  air,  and  moifltare  adhering  tu  the  sides 
of  the  ghtas.  This  prooeaB  is  one  requiring  much  practice  and 
•kill.  We  may  detect  the  presenoc  of  a  particle  of  air  in  the 
Torricellian  vacuum  hy  the  space  not  bcooming:  entirely  tilled 
with  mercury  on  inverting  the  tube,  a  little  buhble  of  air  remaining 
in  that  case  at  the  top  of  the  tube.  The  larger  the  volume  of 
thu  empty  apace,  the  less  iui|)ortance  is  to  be  attached  to  the  defect. 

Finally,  the  mercury  must  be  perfectly  pure,  and  the  bore  of 
tlic  tube  not  too  small,  If  the  tube  be  too  narrow^  the  adhesion 
and  the  friction  of  the  mercury  exercise  so  im]M>rtaut  an  effect 
upon  the  aides  of  the  glass,  that  the  column  of  mercury  often 
remains  standing  higher  or  lower  than  it  ought  according  to  the 
height  of  the  pressure  of  the  air.  If  in  such  eases  we  strike  the 
barometer,  we  may  sec  the  column  of  mercury  instantly  rise  or 
fall,  according  to  its  previous  position,  as  the  hiudxanee  to  the 
motion  has  been  overcome  by  the  blow. 

Of  the  ductmitiona  of  the  barometer  dependent  upon  the 
changes  of  the  weather  we  will  speak  further. 

Amount  of  Atmospheric  Pressure. — We  have  already  mentioned 
whnt  nnisl  be  the  amount  of  })re8»ure  of  air  eorres|>oiuhng  to 
7(H)  inilhiiic(a*s  of  the  barometer.  In  the  same  manner  the 
nniouiit  of  atmospheric  pressure  may  be  reckoned  at  every  height 
of  thtJ  barometer.     The  results  arc  given  in  the  following  tabic  : — 
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The  surface  of  the  humau  body  measures  al)out  1  square  metre  ; 
we  «ee,  therefore,  from  these  ealculHtions  the  enormous  pressure 
wc  constantly  have  to  KU^taiu,  and  yet  we  do  not  feel  it,  owing 
to  its  acting  uniformly  on  all  sides,  and  because  the  air  witliia 
our  hodies  perfectly  equipoises  the  external  pressure.  On  the  summit 
of  Mount  d'Or,  the  barometric  column  is  only  (JOO  millimetivs; 
a  weif^ht  of  2,173  kilogmmmcs  is,  theivfore,  gradually  removed 
from  the  traveller  as  he  ascends  higher  and  higher  up  the  mountain, 
and  still  more  on  reaching  the  summit  of  Mount  Etna  or  Lebanon. 
The  diminished  j)rrftsure  of  the  air  at  higher  elevations  produces 
the  most  peculiar  effects  upon  the  hmnan  body,  which  is  not  made 
to  endure  so  mrelied  a  state  of  the  atmosjihere.  Even  persons  in 
good  health  experience  lasjiitude,  indisjxjsitiou,  and  oj)prcssion. 

Pumpn. — A  nuuiber  nf  phenomena,  of  which  we  are  daily 
iritaesses,  admit  of  bcin'r  explained  by  the  pressure  of  the  air. 
If  we  suck  the  upper  end  of  a  tube  iumiersed  in  water,  the  liquid  will 
risf  in  the  interior  ofthe  tube,  owing  to  the  air  in  the  upper  part  being 
rarefied  by  the  action  of  sucking,  and  the  pressure  of  air  acting  on 
the  external  level  of  the  water  forcing  the  liquid  into  the  tulnr.  We 
may  produce  a  similar  rising  ofthe  water  by  inserting  a  piston  in  the 
interior  ofthe  tube,  by  the  working  of  which  the  air  will  be  likewise 
ruretied.   Upon  this  principle  depends  the  construction  of  pumps. 

The  Suction  Pump  consists  of  a  suction  or 
feeding  pii»e  a  (Fig.  98),  a  cylinder  h,  a 
piston  p,  an  upper  pipe  .«,  and  three  valves  r, 
/,  and  /,  opening  upwards.  The  valve  r  is  at 
the  bottom  of  the  cylinder,  t  m  in  the  piston, 
^  and  /  in  the  lower  end  of  the  upi)er  pipe. 
The  suctiou-pipe  plunges  into  the  water  we 
wish  to  raise,  and  the  piston-rod  moves  air- 
tight through  the  box  e.  M^hcn,  on  the  first 
movement,  the  piston  is  raised,  /  closes,  but 
r  and  /  are  open  ;  /  owing  to  the  condensation 
of  air  above  the  piston,  and  r  owing  to  its 
mrefaction  below  the  piston.  As  the  pressure 
of  air  in  the  suction-pipe  diininishe-s,  iIr*  water 
rises  in  consequence  of  the  preponderance  of 
the  external  pressure.  Tlie  lower  valve  closes 
as  the  piston  descends.  The  air  in  the  ey- 
bclow  the  piaton  is  compressed,  and,  opening  the  valve  i, 
|WBsefl  through  the  piston    into  the  up])er  part  of  the  ryliiider. 
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On  the  second  elevation  of  the  piston,  the  water  again 
higher  lq  the  suction-pipe,  while  a  quantity  of  air  is  a^ain  crpelted 
throuirh  the  valve  /.  At  last,  after  a  certain  number  of  strokes  of 
the  piston,  the  water  aseends  above  the  valve  r  and  lifts  up  the 
valve  /.  Then,  all  the  air  being  expelled  from  the  pump,  every 
valve  is  raised  by  the  water  alone.  Every  time  the  piston  de:jecndt?, 
a  quantity  of  water  passes  through  the  valve  t^  and  at  each  stnAo 
a  fresh  supply  is  raised  into  the  upper  pipe  and  the  8uettou-pipc. 
The  force  nqM-nded  in  raisinp  the  pinton  is  partly  lost  in  overcoming 
the  friction,  and  in  counteracting;  the  pressure  of  a  column  of  water 
,  vfaoae  base  is  equal  to  the  surface  of  the  piston,  and  whose  height  h 
lequal  to  the  vertical  distance  between  the  oritiee  at  which  the  water 
lefiCapeSy  from  the  upper  tube  over  the  level  of  the  liquid,  mto  whicL 
the  suction-pipe  is  immersed.  To  niake  a  pump  efficient,  the  water 
must  be  able  to  reach  the  first  valve  r.  Tlie  ])osition  of  this  vahc 
depends  ufion  the  depree  of  rarefaction  which  can  be  produced 
between  the  valves  /  and  r.  If  there  were  no  space  between  r  and 
/  at  the  lowest  position  of  the  piston,  an  absolute  vacuum  might  be 
produced  between  these  two  valves,  and  the  valve  r  should  be  placed 
thirty -two  feel  above  the  level  of  the  water  of  the  reser\'oir.  But,  as 
it  is  intpossiblc  entirely  to  avoid  interstices  occurring  below  the  ])iston, 
the  valve  r  must  not  bo  elevated  quite  thirty-two  feet  above  the  level 
of  the  reservoir.  Care  must,  however,  be  taken  to  make  the  space  as 
small  as  possible  in  comparison  with  the  contents  of  the  cylinder. 
If,  for  example,  the  space  occupied  one  half  of  the  contents  of  the 
cylinder  (excepting:  that  filled  by  the  piaton),  we  could  only  rarefy 
the  air  between  r  and  /  to  half  the  pressure  of  the  atmospheric  air, 
nd  consequently  the  valve  r  should  not  be  elevated  more  than 
sixteen  feet  above  the  level  of  the  water  in  the  n*senoir. 

Hie  Suction  and  Forcing/  Pump  (Fig.  99)   consists  of  a  suction- 


no.  99.  pipe  a,  an   upper  pipe  «,  a   cylinder    r,  and  a 


hea\'y  piston  p ;  it  has  only  two  valves,  r  and  / 
On   raising   the    piston,   the   water  forces    it 
through  the  valve  r;  on  lowering  the  piston,  n 
closed,  and  the  water  raised  up  is  forced  through 

The  Syphon, — If  we  fill  a  drinking  glass 
having  a  smooth  edge  (cut  glass  is  the  best)  with 
water,  cover  it  with  a  paper,  and  invert  it,  the 
water  will  not  run  out,  the  pressure  of  the  air 
acting  on  the  under  surface  of  the  paper,  and 
thus  hindering   the  escape  of  the   liquid. 
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paper  U  only  so  far  necessary  a4  to  enable  ua  to  invert  the  glasB, 
^  and  prevent  the  water  Jroni  running  out  at  the  sides, 
and  air-bubbles  entering  the  vessel.  \^Tien  the  lower 
opeaing  is  so  small  as  to  leave  no  fear  of  the  liquid  thus 
running  out,  as  is  the  case  with  the  form  of  sj'phon 
depleted  in  Fig.  100,  the  paper  is  unnecessary.  This 
syphon  is  a  common  tubular  vessel,  constrirtt'd  above 
and  below,  and  open  at  both  extremities.  If  we  plunge 
it  entirely  into  a  liquid  when  b«ith  orifiees  are  open,  it 
will  be  entirely  filled,  and,  placing  the  thumb  over 
one  opening,  we  may  lift  the  syphon  up  without  any 
of  the  fluid  eontained  in  it  eseapini^. 

The  common  sijpfnm  (Fig.  101)  is  a  curved  tube, 
b  tt  b\  whose  legs  are  of  unequal 
length.  If  the  shorter  leg  be  plunged 
into  a  liquid,  and  the  whole  tube  Riled, 
the  liquid  will  continue  to  run  out  at 
b ,  the  end  of  the  longer  leg  lying 
lower  than  h;  we  may,  therefore, 
easily  empty  a  vessel  by  incans  of  a 
syphon.  The  action  of  the  syphon 
admits  of  a  ready  explanation.  On 
*  ^  the  one  side  the  rolumn  of  water 
«  b',  and  on  the  other  the  column  of  water  from  a  to  the  level  of 
the  liquid  in  the  vessel  have  a  tendency  to  fall,  owing  to  their 
gravity. 

The  gravity  of  the  two  columns  of  water  in  the  difPcreut 
legs  is,  however,  opposed  on  both  sides  by  the  pressure  of  air 
ting  on  the  one  side  on  the  aperture  A',  but  on  the  other  on  the 
ace  of  the  water  in  the  vessel,  and  thus  hindering  the  fonnatiou 
of  a  vacuum  in  the  interior  of  the  tube,  which  would  necessarily 
be  formed  at  a  if  the  columns  of  water  ran  down  on  both 
tidca. 

A%  the  pressure  of  air  acts  alike  stnmgly  on  both  sides,  eqxiili- 
brium  would  be  established  if  the  columns  of  water  were  equally 
high  in  the  two  legs ;  that  is,  if  the  opening  b'  were  at  tlie  elevation 
of  the  level  of  the  water  in  the  vessel ;  as  soon,  however,  as  b'  lies 
deq>er,  the  column  in  the  leg  *  b'  preponderates,  and,  in  propor- 
tion as  the  water  escapt^s  there,  water  is  again  forced  into  the  tube 
on  the  other  side  by  the  prensure  of  the  air,  so  that  the  liquid 
continues  to  escape  until  the  level  of  the  water  in  the  vessel   has 
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fallen  to  the  height  of  the  opening  h\  or  the  opening  at  h  has  t 
Bct  free. 

no.  102.  A  suction-tube,  a  i   {Fi«r.    102),   is   sometimes 

^Z>y  attached  to  the  syphon  to  make  it  more  useful  and 

\i  fYt  efficient.  We  fill  a  common  s}'])hon  by  sucking 
at  6';  as  this  process,  however,  is  objectionable, 
owing  to  the  difficulty  of  preventing  the  tiiud 
from  entering  the  mouth,  which  might  be  %'ery 
dangerous  in  some  casein,  as,  for  instance,  in 
nnptjing  a  vessel  of  snljihuric  acid,  a  suctiun- 
tube  is  indispensably  necessary,  as,  by  means  of 
this,  we  may  Mil  thr  whole  leg  8  h'  by  sucking  at 
/,  without  tbu  fluid  entering  the  mouth,  \S  wc 
close  the  tube  at  b*.  The  escape  of  the  iiuid  begins  as  soon  as  we 
again  open  the  end  b'  of  the  tube. 

Manotie*8  Law.  The  volume  of  gases  is  inversely  proportional 
to  the  presmre  to  which  they  are  subjected. — To  prove  this  funda- 
mental law  by  experiment,  wc  take  a  curved  cylindrical  tube 
whose  shorter  leg  is  closed  above,  while  the  longer  one  remains 
open. 

At  firat  we  pour  a  Uttlc  mercury  into  the  tube, 
and  then  irichnc  it  a  little  that  the  air  may  escape 
from  the  shorter  leg.  By  this  means  we  can  easily 
contrive  that  the  mercury  shall  Rtand  equally  high  in 
lioth  legs.  Then  the  air  enclosed  in  the  space  a  b 
(Fig.  103)  is  exactly  counteqwised  by  the  pressure  of 
the  alniospherc.  If  wc  again  pour  mercury  into  the 
f)j>cn  leg,  the  pressure  to  be  sustained  by  the  enclosed 
air  is  increased,  and  the  latter  is  compressed  within  a 
smaller  space.  If  the  merc»iry  rise  in  the  shorter  leg 
to  the  point  f/i,  halfway  between  a  mid  i,  the  air  will 
1)1'  ciuupressod  to  the  half  of  its  former  volume;  if  now 
wc  mark  on  the  longer  leg  the  point  n  at  an  equal 
height  with  m,  and  measure  hbw  high  the  mercury 
has  risen  above  n  in  the  longer  leg,  we  shall  find  that 
the  height  of  the  eolunni  of  mercury  *  »  is  exactly  equal 
to  the  height  of  the  barometer;  the  air  enclosed  in 
b  vt  has,  therefore,  to  suppt>rt  the  pressure  of  two 
atmospheres.  If  the  open  leg  of  this  apparatus  were 
long  enough,  we  might  show  in  the  same  maimer  that 
u  prcsixire  of  three  or   four   atmospheres    would   eompresa  the 
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mduded  air  to  one  third  or  one  fourth  of  its  original  volume, 
Ara^  and  Dulong  have  shown  that  for  atmospheric  air  this  law 
docs  not  vary  in  its  application  at  least  up  to  a  pressure  of 
tffcntj'-isfven  atmospheres. 

By  this  experiment  the  correctness  of  Mariotte'a  law  is  proved 
from  the  pressure  of  one  atnionphere  to  the  pressure  of  twenty- 
seven  atmospheres ;  while  for  a  i)rt*ssure  of  less  than  one  atmosphere 
wc  may  ct>nfinn  the  prineiple  hy  the  help  of  the  apparatus  about 
to  be  described  (Fig.  104).  A  somewhat  wide  glass  tnbe, 
terminating  above  in  a  wider  vessel,  and  closed  below,  is  so 
na.  104.  placed  in  a  frame  as  to  stand  vertically.  It  is  filled 
with  mcrcur)'  to  about  the  line  c  n.  Wc  now  fill  a 
barometer-tube  (as  in  the  Torricellian  experiment 
Iwfore  described)  with  mercury,  leaving,  however,  a 
space  of  three  to  tive  centimetres  empty.  If  we  now 
close  the  aperture;  witli  the  tinker,  and  invert  it,  the 
air-bubble  will  ascend  into  the  upper  part  of  the 
tube. 

«If,  now,  as  in  the  Ton-iccUian  experiment,  the  lower 
cud  of  the  tube  enters  the  mercury  of  the  vessel  c  n, 
ami  we  nrmove  the  finger  from  the  tube,  the  eolunm 
of  merciuy  in  the  barometer-tube  will  fall  to  a  certain 
point.  But  we  shall  immediately  observe  that  the 
summit  of  the  column  of  mercury  d(X"s  not  stand  so 
high  above  c  n  as  the  barometric  height  measures, 
because  there  is  air  in  the  upper  part  of  the  tube,  and 
no  vacuum  as  iti  the  barometer. 

If  we  press  down   the  tube  until   it  reaches  further 
and  further  into  the  mercury  of  the  wide  tube,  the 
volume  of  the  enclosed  air  will  become  smaller.     We 
now  press  the  tul)e  so  far  down  that  the  meretiry  in  the 
■    U\       ^^  stands  exactly  at  the  height  of  the  level  of  the 
3^    ^fcQ    merrury  c  n.    In  this  case  the  enclosed  air  is  submitted 
exactly  t">  the  pn-ssure  of  one  atmosphere. 

The  height  of  the  enclosed  column  of  air  exposed  to  the  pressure 
of  one  atmosphere  is  now  measiu-ed  :  it  amounts  to  five  centi- 
metrcif. 

If  we  again  drnw  up  the  tube  the  volume  of  air  increases,  but 
at  the  san»e  time  the  top  of  the  mercury  rises  above  the  level  c  n. 
Provided  we  draw  the  tube  so  far  up  that  the  enclosed  air  occui)ies 
a  length  often  centimetres  in  the  tube,  the  height  of  the  top  of 


the  mercury  alM>vc  the  level  c  n  will  be  exactly  half  of  the  height  of 
the  barometer  obsei-ved  at  the  iiiouient.  For  iitstouce,  if  the 
bar*)rncter  stand  at  760  millinictrcs,  the  top  of  the  mercury  will 
be  exactly  380  niillimetres  above  c  n. 

The  half  of  the  atmospheric  pressure  is,  therefore,  counterbalanced 
by  the  cohinin  of  mercury  under  the  enclosed  air,  and  the  ]>rc8sure 
which  the  latter  has  to  sustain  is  only  cfpial  to  the  pre^isure  of  half 
the  atmosphere ;  its  vohmie,  however,  is  twice  as  large  as  it  was 
when  supporting  the  pressure  of  one  atmosphere.  If,  now,  we 
raise  the  tube  so  far  that  the  cncioscd  air  occupies  a  lenprth  of 
Hftccn  centimetres,  so  that  its  volume  is  throe  times  greater  than 
it  was,  the  height  of  the  cohimn  of  mercury  in  the  lube  amounts 
to  (wo  thii'ds  of  the  barometric  height  :  the  enclosed  air  has, 
therefore,  only  a  pressure  of  one  third  of  an  atiuoaphcrc  to  sustain. 

Mensurcmrnt  of  heights  by  the  liorometcr. — If  the  air  were  not  an 
elastic  fluid,  but  were  like  water,  it  Avoidd  be  extremely  easy  to 
compute  heights  by  the  barometer.  At  the  level  of  the  sea,  the 
barometer  stands  at  "CO"*",  as  soon  as  we  ascend  11,5  metres,  the 
barometer  i'ulls  to  759"";  a  column  of  air  of  11,5  metres  in 
height  will,  therefore,  equipoise  a  column  of  mercury  of  1""  in 
height. 

From  this  we  may  calculate  the  density  of  tlie  air,  for  it  is  to 
that  of  mercury  as  1"""  is  to  11,5'"   or  as   1  to  11500,  that  is  the 

density  of  the  air  is  th  of  that  of  mercury.     The  density  of 

13  6 
the  air,  is,  therefore,  -i-frWi'®^  nearly  0,0012  that  of  water,  since 

water  is  13,6  times  lighter  than  mercury.  If  now  the  air  were 
Uke  water,  the  density  of  the  strata  of  air  lying  above  us  would  he 
ctputlly  greal,  and  wr  shmild  then  only  have  to  aM*end  11,5  metres 
to  have  the  barometer  again  to  fall  1'"'"  ;  and  if  by  eontiiiued  ascent, 
the  barometer  had  fallen  n  millimetres,  we  should  then  have  attained 
tt  height  HX  11,5  metirs.  But  the  air  is  ehislic,  the  snudler  the 
pressure  weighing  upon  it,  the  less  will  bo  its  density  ;  conse- 
quently the  higher  we  ascend,  the  more  rarefied  is  the  air. 

Tlic  law  by  which  the  density  of  the  air  diminishes  by  constant 
ascent,  and  the  relations  existing  between  the  height  of  the 
liaromeler  and  elevations  above  the  soil  can  be  duveloi>cd  by 
Mariittivis  law. 

SupfKise  !he  barometer  to  stand  at  760""  at  any  given  s|K)t. 
If  we  ascend   11,5  metres,  the  barometer  will  fall   to  759"",   cr 
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750 
what  is  the  same  thing  700— ^.    Without  any  serious  error,   wc 

moy  assume  that  the  whole  layer  of  air  every  where  at  a  hcijfht 
of  11,5  luetrf,  in  of  equal  density  with  that  at  the  level  of  the  sea. 
In  Fi^.  105,  a  is  a  [Miint  on  the  earth's  surface,  6  is  a  poiut 
King  11,5'"  higher,  and  each  one  of  the  several  points  c, 
riG.  105.  t^j    ^,  &c*j  is   lljG"  above   the  h)wer    one.     As 

the  density  of  the  air  is  proportionate  to  its  pres- 
sure, the  layer  &  c  is  lei's  dense  than  the  luycr  a 
b,  and  the  densities  of  these  layers  will  be  as  the 
height  of  the  barometer  at  a  and  b,  that  is  the 
759 


h  ■  ■  760^;^qJ    deusity  of  the  layer  6  c  is  '—.  of  the   density  of 


the  layer  a  h. 

If  now  we  ascend  from  b  to  c,  the  barometer 

759""" 
does  not  fall  so  much  as  1*^,  but  only  -^-     •  The 

760/''-i?^* 

\7fioy    height  at  which  the  barometer  stands,  is,  there- 


759" 


..■r60(-)'fo..760ig 


r.Q^  9 


759  ^  759=  ^  .«^  //oyy 

760  7(50         '      V7G0/' 
c  \  760^''''*V   ^"  ^^  manner    we   may  further  conclude  that 

^'  **'     the  densities  of  the  layers  b  c  and  c  d  are  as  the 
b  1  760^'**^y   heights  of  the  barometer  b  and  c,  and  that  couse- 

quently  the  layer  c  d'\&  ^^  times  lighter  than  the 

If,    therefore,    the    layer    b    c    could    support    a 


fli  760 
layer    b 


759' 


column  of  merctiry  of  =^     ,  the  layer  c  d  can  only  bear  a  coluum 
(-^/   millimetres;  and  if  we  rise  from  c  to  d. 


At  d,  likewise,  the 


f- 


,759^759 
"^^  760    760 

the  barometer  must  fall  («^)    millimetres. 

/759\2      /759\='__  ^p^  /759\a 
height  of  the  barometer  is  760  \^^)       \f^)  ~~  '      \760/- 

It  will  easily  be  understood  that  formula;  may  Ik  constructed 
from    these   considerations  by  the  aid  of  which  tlie  difference  of  ^ 
height   of  two   jdat^es  may  be  computed,    if  the   height   of  the/^ 
barometer  be  accurately  measured  at  l>oth  places. 

The  Air  Pump  must  k-  ranked  amongst  the  uiost  indispensable 
and  iniportunt  instruments  of  the  Natural  Philosopher,  and  bus 
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tmproTemeDts  s 
by  Otto  ran  Gmeriete,     We  will  now  csonsider  it  iu  its  most  simple 
form,  in  the  small  air  pumps  which  are  at  pre^nt  used  iu  all 
chemical  Uhontories. 

We  most  suppose  a  hoUow  cylinder,  perfectly  closed  below,  and 
having  a  piston  c  cloeely  fiuinar  to  the  bottom.  If  now  the  piston 
be  forcibly  drawn  up,  a  rorvum  is  formed  below  it,  provided 
ne.  106.  the  fricticm  be  air  tight  against  the  sides  of  the 
cylinder.  NoUung,  however,  can  be  done  by  means 
of  this  porwui  since  we  can  neither  sec  into  it 
nor  put  anything  wiUiin.  But  if  a  canal  lead 
from  the  lower  part  of  the  cj'linder  into  a  sphere,  M 
a  balloon  e,  for  instance,  which  although  tilled  1 
with  air  is  Ailiy  closed  against  the  external  atmos- 
phere, a  portion  of  the  air  in  e  will  enter  the  cylinder, 
owing  to  iu  elasticity,  on  lifting  up  the  piston,  and  ii 
rarefaction  of  the  air  iu  f  wiD  consequently  follow. 
In  order,  however,  that  the  air  may  not  return  into 
r  on  the  descent  of  the  piston,  a  cock  *  is  attached  by  means 
of  which  the  conununication  betweeri  e  and  the  cylinder  may 
be  interrupted,  or  again  restored  at  will.  Thi.s  cock  s  is  closed 
as  six>n  as  the  piston  comes  over  it.  If  we  now  press  down 
the  piston,  the  air  in  the  cylinder  will  only  be  compressed,  if  we 
afford  it  no  means  of  escape;  this,  however,  it  will  have,  if  we 
open  a  second  cock  t.  VTIku  the  piston  is  at  the  bottom,  /  is 
again  closed,  and  s  opened,  while  another  drawing  up  of  the 
piston  produces  another  rarefaction  in  e.  By  frequent  repeti- 
tion of  this  openitioM,  we  may  obtain  a  e«»nsiderable  rarefac- 
tion at  e. 
WIG.  107.  The  apparatus  in   this  form  is,  however,  ineonvc- 

anicnt  on  many  aceoimts.  In  the  first  pliice,  the  con- 
tinual opening  and  shutting  of  the  two  cocks  is 
extremely  tro\ibleso«ie.  But  for  the  cock  /  we  may 
substitute  a  valve  which  closes  on  the  elevation,  and 
opens  on  the  depression  of  the  piston.  The  lower  part 
of  the  piston  consists  of  a  brass  plate  with  a  screw 
screwed  into  a  piece  of  brass  c  c.  The  screw  is  perfo- 
rotod  along  its  length,  and  a  piece  of  silk  r  bound 
over  the  opening  o.  In  the  piece  of  brass  to  which 
the  screw  is  (ixed,  there  is  an  o|H-ning  b.  On  the 
elevation  of  the  piston,  the  hu'  hi   the  upper  part  of 
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tbe  cylinder  forces  itself  throvigL  the  opening;  b  in  the  silk,  and 
pKflsc«  it  tigrhtly  upon  the  opening  o .-  the  pistnn  act«,  therefore, 
on  ri«tng  exactly  as  if  it  were  solid :  the  air  pa«HeH  from  tlie 
sftacT  r  through  the  open  cock  s  into  the  lower  part  of  the 
cylinder  ;  but  if  after  the  cock  *  is  closed^  the  piston  be  uguin 
[ircsscd  down,  the  air  in  the  under  part  of  the  cylinder  will  be 
compressed,  and  raising  the  valve  r,  will  escape  through  the 
upeninp  b  into  the  upper  part  of  the  cylinder. 

The  piece  of  brass  c  is  innerted  into  a  enrk  bound  round  with 
fine  leather.  This  leather  is  pressed  against  the  sides  of  the 
cj'luider  by  the  elasticity  of  the  cork. 

The  c<iek  a  nmy  also  be  dispensed  with,  if  a  second  valve  be 
applied  to  the  part  where  the  canal  opens  into  the  cylinder.  This 
vnJve  npens  ou  drawing  up  the  piston^  and  closes  with  its  descent. 
The  acconipanyiug  figure  shows  a  very  useful  little  air  pump,  one 

third  of  the  natural  size.  It  has  been 
constructed  in  accordance  with  the  plan 
of  Gay  Lussac.  The  canal  goes  verti- 
cally down  from  the  lower  end  of  the 
cylinder  into  a  canal  a  b  running  hori- 
xoutidly.  The  cork  at  d  should  be 
closedj  and  the  receiver  from  which  the 
air  is  to  be  exhausted,  screx^ed  on  at  a ; 
then  on  raising  the  piston,  a  portion  of 
the  air  will  pass  first  through  the  hori- 
zontal, and  then  through  the  vertical 
canal  into  the  cylinder,  and  on  pressing 
down  the  piston,  will  escape  through  its 
valve.  To  admit  the  air  again  into  the 
receiver,  nothing  more  is  necessary  than 
to  open  the  cock  at  (/. 

By  means  of  the  screw/,  the  air  pump 
may  be  screwed  on  to  a  table,  or  to  a 
board  secured  to  a  table,  and  will  thus 
remain  fixed  while  being  used. 

We  designate  by  the  term  receiver,  the 
from  which  the  air  is  to  be  exhausted.  The  best  form  for 
receivers  of  air  pumps,  designed  for  general  experiments,  is  a  bell 
m.ide  of  glass,  the  under  iuid  somewhat  broader  edge  of  which 
must  1m*  niadr  perfectly  smotith  and  polished,  so  that  it  may  fit 
into  a  smoothly  cut  plate  with  such  exactitude  as  to  prevent  the 
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entnmee  of  any  «ir  bctwwn  the  two.  A  perfect  exclusion  can, 
however,  only  be  effected  by  rubbing  the  edge  of  the  bell  vritli 
tiiilow  before  placing  it   u|>ou  the  plate.     In   Fig.  110  we  sec  a 

receiver  of  this  kind 
ID  conjunction  with 
a  little  air  pump. 
f*n)ni  the  middle  of 
the  plate,  a  canal 
froe«  vertically  doMm 
and  then  jtasses  far- 
ther on  through  a 
short  horizouUl 

lube.  At  the  end 
of  this  short  hori- 
zontal piece  of  tube, 
a  glasM  tube  is  at- 
tached by  means 
of  an  india-rubber 
tulx;,  and  is  secured 
in  a  similar  manner 
to  the  air  pump  on  the  opposite  aide.  The  degree  of  rarefaction 
that  can  \w  obtuiiud  by  pumping,  may  be  measured  by  what  is 
teniied  the  bfu-ouK'tric  test.  This  is  applied  to  the  smaller  air 
pumps  ill  \\ui  miiinier  KhowTi  at  Pig.  110.  A  glass  tube  of  about 
lliirly  inchrs  in  length  is  immersed  at  its  lower  end  into  a  vessel 
full  of  mercury. 

Alwvc  it  is  cun'ed,  and  secured  to  the  pump  by  means  of 
a  yhort  but  wider  piece  of  tiibe.  If  the  cock  rf  be  o|Hmed, 
the  mercury  will  ascend  in  the  tube  in  proportion  as  the  rarc- 
fnctiou  is  continued.  If  it  were  possible  to  create  a  perfect 
vacuum  by  means  of  the  air  pump,  the  column  of  mercury 
raised  in  the  tube  e,  would  be  equal  to  the  height  of  the  baro- 
meter. 

With  a  well  constructed  apparatus  of  this  kind,  we  may  make 
most  u(  the  experiments  of  the  air  pump,  with  the  exception 
IK^rhaps  of  Komc  few,  requiring  verj'  large  receivers,  or  a  very 
rapid  and  complete  exhaustion.  On  this  account,  air  pumps  of 
tliis  kind  are  to  be  rceommendcd  for  ull  popular  institutions!,  not 
[MWHCssing  the  funds  necessary  to  obtain  the  most  highly  tiiiished 
apparatus,  vii,  when  they  arc  made  four,  five,  or  six  tLn»es  larger 
than  the  one  reprcscntc<l  in  Fig.  109. 


no.  III. 


Larimer  air  pumpn  of  various  Tortus  luivc   been  constructini,  but 

all  orfbiisi^tl  ujkui  the  ssiimc  principles  as  tht.*  ones  above  describrd. 

Wc  will  consider  more  attentively  one  of  the  best  arranged  of  these 

apparatus. 

In  a  cylinder  a  which  must  be  perfectly  well  tinished^  the  pi»tou 

b  moves  by  menus  of  the 
rod  c,  which  must  !«• 
perfectly  air-tight^  no  air 
being  able  to  esc-ai»e  Ix*- 
twcen  the  piston  and  the 
cylinder. 

In  the  piston  there  i^ 
a  valve  s,  which  must 
move  easily  and  open 
upward.H.  It  rises  wlien 
the  pressure  from  below 
is  greater  than  front 
u1m>vc,  but  otherwise  re- 
mains hermetically  closed. 
The  rod  e  d'\%  the  valve 
for  the  cylinder.  If  the  piston  be  raised,  the  whole  rod  is  lifted 
ti[i,  but  d  soon  strikes  the  upper  plate  of  the  cylinder^  and  the 
piston  moves  with  some  friction  along  the  whole  rod.  As  soon  as 
the  pintoa  descends,  the  truncated  cone  c  is  pressed  into  the 
runic^  o|H*ning  below  it,  so  that  the  upper  surface  of  the  cone  p, 
and  the  bottom  of  the  cylinder  form  a  plane  surface,  and  the 
pistcm  may,   therefore,   rest  perfectly  on  tliis  bottom. 

From  the  above  mentioned  conical  opening,  a  canal  goes  on  to 
r.  Here  there  is  a  screw,  to  which  may  be  attached  the  balloons 
or  it^eeivers  that  arc  to  be  exhausted. 

Tlic  screw  t  is  in  the  middle  of  a  plate  pf  on  which  the  bcU  h 
may  l>c  placed.  Let  us  assume  that  the  piston  is  on  the  lower 
plate  of  the  cylinder.  If  then  it  be  raised,  a  vacuum  will  be 
formed,  pronded  all  the  valves  remain  shut ;  but  the  valve  e  is 
opened,  and  the  air  from  the  1)cll  passes  partly  over  to  the 
cylinder. 

But  by  this  means,  the  air  in  the  bell  and  in  the  canal 
of  the  bell  is  rarefied,  consequently  the  valve  s  in  the  piston  must 
remain  closed.  On  the  descent  of  the  piston  the  valve  nt  c  is  shut, 
and  idl  passage  closed  fitr  the  return  of  the  air  from  the  cylinder 
into  the  bell     The  air  thus  shut  in  will  escape  through  the  valve 
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*,  until  the  piston  reaches  the  bottom  of  the  cylinder.  Another 
upward  stroke  of  the  piston  produces  a  fresh  rarefaction  in  the 
beU. 

We  may  easily  understand  that  lui  absolute  vacniim  can 
never  be  produced  in  this  manner  below  the  IjcII,  however  long  vrc 
may  continue  the  above  mentioned  operation,  because  by  e%'ery 
fresh  stroke  of  the  piston^  the  air  below  the  bL-ll  is  only  re-raritied ; 
we  may,  however,  easily  manage  to  reduce  the  air  until  it  has 
only  a  tension  of  two  millimetres.  The  time  rcquirt^l  to  produce 
a  certain  degiec  of  rarefaction  will  be  shorter  or  lonjjrer  aecoi*ding 
to  whether  the  vohimc  of  the  receiver  be  small  or  large  in  compa- 
rison with  the  volume  of  the  cylinder. 

If  we  have  exliaustcd  the  i)ump  Hufficiently,  the  atmospheric 
pressure  acting  upon  the  piston  is  not  counterpoised  by  any 
opposite  pressure  within.  In  ortlcr  to  raise  tlie  piston,  we  must 
apply  ft  force  of  1(X$3  kilog.  for  every  square  centimetre  of  it* 
surface,  besides  having  to  overcome  the  friction. 

In  air  pumps  with  two  cylinders,  the  pressure  on  the  one  piston 
acts  against  that  weighing  down  the  other  piston,  and  thus 
nothing  but  friction  remains  to  be  overcome. 

In  the  canal  connecting  the  receiver  with  the  sucker,  a  double- 
no.  U2.  acting  ctxrk  y   is  applied;  that  is  to  say,  a 

l|k _y  cock    having    two     openings,    a    common 

{^^'"'^^^HF"^  straight  aperture  connecting  the  receiver 
with  the  sucker,  while  the  pump  is  being  worked,  and  a  lateral 
opening  closed  by  a  metal  stop|)er  6,  luid  turned  towards  the 
sucker,  when  the  receiver  is  to  be  shut  off.  If  we  wish  to  let  air 
again  into  the  receiver,  we  must  turn  the  cock  in  such  a  manner, 
no.  113.  that  the  lateral  opening  is  turned  to  the  receiver,  and 
'^      then  drKW  out  the  metal  stopper. 

In  these  air  pumps,  the  barometric  gauge  is  generally 
differently  constructed  from  tlic  above  mentioned.  It  is 
usually  a  shortened  barometer,  closed  in  a  long  narrow 
bell    r,    Fig.    Ill,    and   connected    with    the   canal    of 

Uthe  machine.  This  connection  may  be  cut  off,  or 
again  restored  by  means  of  a  cock.  Fig.  113  repre- 
sents an  isolated  barometer  gauge,  seven  inches  in  length. 
Tlie  mercur)'  entirely  tills  the  closed  leg,  and  only  begins 
to  sink,  when  the  pressure  of  air  acting  on  the  open  leg  is 
reduced  to  one  fourth  of  the  atmospheric  pressure.  If 
this  degree  of  rarefaction    be  obtained,  the  barometric  test  will 
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gfre  the  pn»fiiMire  of  the  air  in  the  receiver,  which  is 
eqnal  lo  the  difference  of  ihe  height  of  the  two  columns  of 
nitrcury.  Ab  soou  as  air  is  again  admitted,  its  preAiturc  will 
dnvc  the  mercury  forcibly  back  iutu  the  elo^d  tube ;  we  mudt, 
tiiercfore,  moderate  the  rusli  of  air  to  prevent  the  top  of  the 
glass  tube  from  being  broken  through. 

Otto  von  Guericke  made  by  means  of  the  machine  which  he 
constructed,  the  remarkable  experiment  with  the  Magdeburg 
Hnmplt^'ntj  which  consisted  in  producinsr  a  vaatttm  in  a  hollow 
metal  ball,  the  halves  of  which  were  only  simply  laid  on  each 
other.  Before  the  vacuum  is  formed,  it  is  easy  to  st'parate  the 
parts,  but  when  they  have  been  entirely  exhausted  of  air,  and 
there  is  nothing  to  counteract  the  external  atmospheric  pressure, 
ihcy  adhere  most  extraoi-dinarily  close  together.  If,  for  instance, 
riQ.  114.  the  radius  of  the  ball  were  only   1  decimetre,  a 

section  through  its  centre  would  be  314-  square 
centimetres,  and  consequently  the  external  pres- 
sure holding  the  two  halves  together  would  he 
more  than  314  kilogrammes.  In  order  to  make 
the  contact  more  iierfect,  the  edges  of  the  hemispheres  are  rubhed 
vith  fat,  like  the  bell  before  it  is  placed  on  the  plate;  the  cock  c 
which  is  open  while  the  pumping  gi>es  on,  is  closed  before  the 
united  hemispheres  are  taken  off  the  air  pump,  and  the  rc-entraiicc 
of  air  Ls  thus  prevented. 

The  air  pump  is  used  in  many  cAperimeuts.  By  this  means  it 
mav  be  shown  that  burning  bodies  are  extinguished  in  a  vacuum, 
that  smoke  falls  to  the  groimd  like  a  heavy  btidy;  that  air,  as  it 
were,  is  disstdved  in  water;  that  u  layer  of  air  intervenes  between 
fluids  and  the  sides  of  the  vessels  in  which  they  are  contained,  for 
its  presence  is  manifested  by  a  number  of  little  globules  that 
increase  in  projtortion  as  the  air  diminishes.  By  the  aid  of  an  air 
pump,  we  may  cause  cold  water  to  boil. 

^,tj.  115.  ^   glass   cylinder  about  one 

^1  metre  in  height,  and  having  a 

diameter  of  about  twelve  centi- 
metres, whose  upper  and  lower 
edges  are  carefully  smoothed,  is 
placed  upon  the  plate  of  the  air 
pump ;  the  upjier  aperture  of 
the  cylinder  is  closed  by  a 
plate  (as  exhibited  in  Fig.   115)  hermetically  attached   tn 
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tbr  pofahrd  gbn  cd^  b)'  being  rubbed  with  tat.  Tliruiigh 
Ibe  middle  of  this  pUtr,  tbcre  ptsses  an  air-ti^ht  metal  cone, 
(alnost  tike  a  cotk)  tbat  nMiy  be  turned  at  will.  Two  borizon- 
uDj  icgnred  rods  «  rerobne  with  this  metal  cune. 

On  each  of  the  rod^,  there  is  a  little  metal  plate  /  fastened 
to  a  rod  pcojectiiig  frooi  the  metal  plate  by  nutans  of  a 
horiiODta]  pin,  roond  whieh  it  must  revolve  easily.  ^Vben 
the  rod  t  is  turned  so  fiir  from  the  position  indicated  in  the 
ilia^l^niii,  that  the  httlc  plates  /  are  no  lon^r  supported^  the 
latter  will  turn  round  thn>win^  off  whatever  may  have  been  laid 
upon  them.  It  is  better  that  the  two  plates  /  should  not  turn 
round  simultaneously.  We  lay  then  a  piece  of  metal,  and  a  little 
feather  on  each  plate ;  and  if  we  let  the  one  plate  i  uni  over  before 
we  have  done  pumpiug,  the  piece  of  metal  will  fall  much  faster 
than  the  feather.  Rut  when  the  air  is  quite  exhausted,  mid  the 
second  plate  is  turned  over,  the  feather  will  fall  as  rapidly  as  the 
piece  of  metal. 

no.  116.  The     condensing   J^ip 

senes  to  condense  ll^<{ir.  It 
dififers  essentially  from  the 
air  pump,  in  having  valve* 
that  open  and  shut  in  op|K>- 
site  directions,  as  exliibited 


in 


Fig.    116.     When   the 


piston  descends,  it  com- 
presses the  air,  driving  it 
into  a  receiver ;  when  it 
ascends,  the  external  air 
opens  the  valve  of  the  piston,  and  presses  into  the  cylinder,  while 
the  compressed  air  iu  the  receiver  keeps  the  bottom  valve  of  the 
cylinder  shut.  Another  depression  of  the  piston  reopens  the 
bottom  valve,  and  eloscs  the  piston  valve,  when  a  new  supply  of 
air  is  forced  into  the  receiver,  &c. 

The  barometer  gauge  of  the  condensing  machine  is  a  straight 
tube,  closed  at  the  top  atid  filled  with  air,  having  its  lower  open 
end  plunged  in  a  vessel  of  mercury.  On  beginning  the  experiment, 
the  air  into  the  tube  is  below  the  pressure  of  one  atmosphere,  if  the 
levels  of  the  mercury  in  the  tube  and  the  vessel  are  of  equal 
weight. 

The  more  the  pressure  increases,  the  higher  the  mercury  risiis  iu 
the  tul)e.     From  the  height  of  this  column  of  mercury,  and  the 
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rompressian  of  tht^  air  in   the  tiil>e,  it   is  caHy    in  drtcmiiiu-  tlic 
Jtehtw  of  condendation  in  the  receiver. 

In  this  niarliine,  the  receiver  must  he  screwed  tightly  on  the 
pkte  to  prevent  its  bein^  rutscd  by  the  eomprcaacd  air. 

Condenmng  pumps  have  been  so  ctmtrived  ba  to  screw  on  the 
apparatus  in  which  air  is  to  be  cninpress*ed.  Tliey  have  only  one 
cyhuder,  and  one  piston  without  a  valve.     On  the  one  end  of  the 

cylinder,  the  rc- 
ser\'oir  isscrewed 
on,  in  which  the 
air  is  to  be  com- 
pressed ;  on  this 
there  is  a  valve, 
through  which 
air  may  enter, 
but  cannot  es- 
cajjc  from  the 
rej4cr\'oir.  In 
order  to  admit 
fresh  air  into  the 
cylinder,  after  a 
portion  has  been 
compressed  into 
the  reservoir, 
the  cylinder  has 
either  a  lateral 
aperture  as  in 
Fig.  117,  or  a 
lateral  valve  like 
Fig.  118.  The 
latter  is  particu- 
larly ap[)lirable 
'^LcTi  wc  want  to  compress  a  special  ga.s,  for  it  ia  then  only  neccs- 
iry  to  put  the  glass  rescr\oir  in  connection  with  the  tube  of  the 
lateral  valve. 

The  tirst  of  these  condensing  pumps  is  mainly  used  for  loading 
air  guns,  the  construction  nf  whirh  will  be  made  clear  by  the 
accompanying  figures.  When  by  help  of  the  condensing  punip, 
we  have  ctjuiprcBscd  the  air  in  the  [nston  of  the  air  guii  to  the 
density  of  8  or  10  atmoapheres,  a  barrel  ia  screwed  on,  along 
which  the  ball  is  directed.     If  the  valve  closing  the  piston  be 
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ric.  119. 


riG.  120. 


rta,  121, 


rin. 


opened  by  the  trifrg^cr,  a  part  of  the  cnelosed  air  will  escape  with 
great,  violence,  earn'inp;  the  ball  with  it ;  but  the  valve  closes 
immediately.  A  g(H)d  air  gun  may  give  as  uiueh  speed  to  a  ball 
as  a  muHket  can  do.  Many  Rhots  may  l>c  diseharpred  without 
reloading,  the  nunibcr  being  in  proportion  to  the  size  of  the 
piston. 

Heroes  Bail. — We  can  also  force  fluids  out  of  vessels  witli 
great  violence  by  means  of  comprcs.sed  air,  as  is  the  case  with 
Hero's  BalL  A  tube  passers  nearly  to  the  bottom,  through  the 
122.  neck  of  a  vessel  partially  tilled  with  water.  The  tube 
terminates  abtne  in  a  point  with  a  tiue  aperture.  If  the 
air  in  the  upper  \mvt  of  the  vessel  have  in  any  way  been 
compressed,  the  pressure,  which  it  eieils  on  the  surface 
of  the  water,  will  drive  the  fluid  out  of  the  fine  ajjerturc 
after  the  manner  of  u  fountain.  We  may  make  use  of  a 
(laA,  eluscd  by  a  cork,  through  which  passes  a  glass  rod 
M  drawn  out  to  a  fine  point.  If  the  glass  rod  does  not  pcnc- 
y]|V  trate  fur  into  the  vessel,  we  obtain,  by  this  arrangement, 
^^^^^  the  di'opping  bottle  with  which  chemists  commonly  wash 
^^^V  their  precipitates.  The  air  in  this  may  be  compressed  by 
blowing  with  the  nmuth  through  the  tube.  If  the  air  enclosed  in 
the  apparatus  be  of  equal  density  with  the  siirromuhng  atmos- 
phere,  and  we  place  it  under  the  bell  of  the  air  pump,  it  will  begin 
to  burst  as  stMm  as  wc  have  i*xhnust<;d  the  an*.  This  afiparatus  is 
often  constructed  in  large  dimensions  entirely  of  metal.  In  that 
case,  the  neck  is  fiu'uished  with  a  cock  r,  above  whieli  the  thin 
tube  may  l>c  scrcwetl  on.  The  air  is  compressed  by  means  of  aeon* 
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dennng  pump  screwed  on  in  the  place  of  the  pointed  tube.  Allien 
the  resscl  is  charged,  we  close  the  cock,  remove  the  piimpj  and 
sci-ew  on  the  pointed  tube.  As  soon  as  the  cock  is  opened,  the 
water  rushes  out  to  the  height  of  from  30  to  100  feet,  if  the  air 
has  been  compressed  to  2,  or  firom  5  to  6  atmospheres. 

The  Fire  Engine. — Fig.  123   rejiresents  the  combination  of  the 
forcing  pump  with  Hero's  Ball;  the  rylinders,  of  which  we  will 


Fic.  123. 


i^^^^ 


consider  the  one  to  the  nght  hand,  stand  in  a  trough  filled  witl» 
water.  If  the  piston  /  be  raised,  the  valve  d  rises,  and  the  water 
presses  into  the  cylinder  e.  On  the  descent  of  tlie  piston,  the  valve 
d  closes,  the  valve  c  is  o|>ened,  and  the  water  is  forced  thrcnigh  the 
narrow  tube  b,  into  the  air  chamber  a.  This  air  chamber  is 
nothing  more  than  a  large  Hero's  Ball,  and  the  mure  water  is 
pumped  into  it,  the  more  is  the  air  in  its  iipjier  parl^  compressed. 
The  tube  h  reaches  almost  to  the  bottom  of  the  air  chamber;  at  g 
a  tube  with  a  narrow  opening  is  screwed  on.  A  strong  jet  of 
water  is  driven  from  the  aperture  by  the  pressure  constantly 
exercised  upon  the  water  by  the  air  compressed  in  the  chamber. 
A  Ic-ather  pipe,  with  a  metal  spout,  may  be  screwed  to  an  oi)cning 
in  the  side  of  the  air  chamber  near  the  bottom  :  this  pipe  also 
throws  out  a  jet  of  water  which  can  be  more  easily  directed,  and 
brought  nearer  to  the  burning  parts  than  the  stream  from  the 
aperture^.  The  raiding  and  lowering  of  the  piston  is  managed 
by  a  lever,  whose  fulcnim  is  n\.     Both  rods  of  the  pistons  are  so 
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stxacbed  to  thia  krer,  thai  the  one  Meend*  n  ibe  other  dcscuiib, 
and  a  freah  supply  of  water  may,  therefore^  be  «ninKrrruptcdly 
masked  to  the  air  chamber. 

riA.  124.  ns.  ISi. 
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Hero's     Founiiiim.  —  The 

must  simple    mode  of  coo- 

structini:  Hero's  Foiintaiti  by 

t^^  *F^  *Eff  fW       means  of  glass  tulics,  aud  n 

VV  f  II    I  '  glass  blower's  lamp  is  sbuwa 

I    |/V|  iu    Fifr.   12  k     The  column 

I    I^V'I  /-s^  of  water  in  the  tube  a  am- 

I  I    II  j^^L        pi^^csscs   the   air   in    b;   the 
/tI  ^    ^^  ■        |r         compressed  air  presses  upon 

II  I       *lv         ^^^  surface  of  the  water  iu 
II                            I    #^^     *^*     i^d     con  acquently    th^| 
11                           I    ^^^      water  must  gush  out  at  a!^^ 

Accordinp;  to  the  same  prin 
cipic,     Hero's    Fountain 
Fig.  125  is  composed  uf  gl 
tubes,    glass  Hasks,    and 
funnel.     It   is    c\"idcnt  that 
the   vessel    c  must  be 
|>orted  in  some  way. 
the    apparatus    is    set     m 
action,  the  vessel  c  is  fi 
with    water,    and    its  n 
Rw^fl    with    a    cork,    throuirh   which    pass  the   tubes  b  and 

WiiU'T  IS  then  poured  into  the  fumicl/,  on  which  the  water  beg 

to  gush  from  the  tube  d. 
no.  12G.         Afeasuretnetii  of  the  pressure  of  Gases, — There  are  t 

^    means  by  which  we  may  measure  the  pressure  of  gases,' 
vis.  by  columns  of  liquids,  aud  by  valves.  An  apparatus 
designed  for  this  ]>ur|>o8e  is  tenned  a  manometer.     The 
barometer   gauge  upon   the   air  pump,    and  the  con- 
densing machine  are  manometers. 
Sftfi'tt/   tubes   belong    in    some    respects    to    man 
mrterSf  for   they  measure  the   prcssiu^  of  the  gas 
the  a]tparatus  to  which  they  arc  attached.     If  their 
t4;ri!*ion     be    equal    to   the   atmospheric   pressure,    the 
fluid    wilt    stiuul    at    the    same    level    in   both     limbs. 
(Pig.  12G) ;  if  this  Ijc  not  the  case,  the  pressure  may 
determined  in  the  interior  of  the  ciiclose<l  space  by  t 
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nee  of  the  columns  of  liquid  in  the  two  limbs,  provided  the 
y  of  the  liquid  in  the  safety  tube  be  known.  These  safety 
were  invented  by  Welter,  and  are  of  the  greatest  utility  in 
chemical  operations,  by  preventing  explosions  as  well  as  the 
I  back  of  enclosed  liquids  by  the  air's  pressure  when 
ition  takes  place. 

Pigs.  127  and   128  there  are  two  loaded  or  safety   valves 
«o.  127.  Fio.  128.  represented.    If  the 

weight  be  known 
that  will  load  such 
a  valve,  and  the 
size  of  the  surface 
of  the  valve  which 
has  to  support  the 
il  pressure  of  the  gas,  the  tension  of  the  gas  at  the  moment 
it  is  able  to  raise  the  valve  may  be  calculated.  For  instance, 
loading  of  the  valve  be  100  kilog.,  and  the  area  of  the  value 
lare  centimetres^  each  square  centimetre  of  this  area  will 
o  bear  4  kilogrammes.  As  now  the  pressure  of  the  atmos- 
apon  each  square  centimetre  amounts  to  1,0325^  the  tension 

4 

gas  able  to  lift  this  valve  will  be  equal  to  .  ^       =  3,87    at- 

leres,  to  which  must  be  added  one  atmosphere  more  on 
it  of  the  pressure  of  the  air,  borne  by  the  valve  besides  its 
load.  This  apparatus  is  applied  to  liquids  as  well  as  gases, 
f  its  means,  the  boilers,  tubes  of  communication,  and  the 
era  of  the  steam  engine  are  proved. 
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CHAPTER  VI. 


I 


ATTRACTION    BETWEKN    GASEOUS    AND    SOLITI^    AS    WELL   AS 
BETWEEN    OASEOUS    AND    LIQUID    BODIES. 

The  following  experiments  prove  most  evidently  that  a  consi- 
derable attraction  exists  between  the  [tarticles  of  solid  and  gascou* 
rie.  129.  bodies.     If  we  place  a  piece  of  glowing  char- 

r-^  coal  under  mercurj',  and  then  let  it   ascend 

into  a  cylinder;  whose  upper  part  is  filled  witli 
carbonic  acid;  shut  off  by  means  of  the  mer- 
cury fi'om  any  communication  with  the  exter- 
nal air,  and  whose  volume  is  about  20  titne^ 
I^U  greater  than  that  of  the  charcoal,  the  earlx)nic 

I ^H^~^ni   ^^^^  ^^'  "^  ^  ^^^  minutes  be  so  condensed  by 

Ihhh^^^hMU   the  charcoal,  that  the  mercury  will  rise  to  the  ^ 
^^H^^^IP   top  of  the  cylinder.     The  whole  maas  of  the  I 
carbome  ncid^'  *ii4iich  before  filled  all  the  upper  part  of  the  cylinder 
is  now  condensed  by  the  attraction  existing  between  the   gas  and   _ 
the  pores  of  the  charcoal,  the  former  having  been  absorbed,     A  ■ 
■imiliir    experiment    succeeds    with   many   other   gases.      If  the 
charcoal  have  lain  any  length  of  time  in  the  air,  the  experiment 
docs  not  prove  quite  Buceessfiil,  as  wc  may  easily  understand^  iffl 
we  rclh^et  that  it  absorbs  atmospheric  air,  and  the  vapour  distri- 
bntril  through  the  air,  and   that  its  capacity  for  absorbing  other 
gtmes  is  consequently  diminished. 

If  charcoal  that  has  absorbed  gas  be  brought  under  the  air 
pumpj  or  kindled,  it  will  lil>erate  the  absorbed  gas. 

Absorption  of  gases  is  at  all  times  accompanied  by  a  develop- 
ment of  heat,  which  is  more  considerable  in  proportion  to  the 
amount  of  absorjHion. 

In  the  maimfacture  of  gunpowder,  the  charcoal  is  triturated  to 
«  very   fine    powder,   which   absorbs   atmospheric  air   with    such 


ATTRACTION    BETWEEN    SOLID    BODIES. 


117 


avidit)'  that  a  conaiderablc  des^'ce  of  heat  takes  place  in  the  mus 
ind  frcqiieiitly  gives  rise  to  combustion. 

If  a  fine  jet  of  hydrogen  gas  be  thrown  ujion  spongy  platinum, 
absorption  of  the  gas  follows  with  such  Wolence  as  to  make  the 
platinum  red  hot  and  indame  the  hydrogen  gas.  On  this  prin- 
ciple Dohereiner's  lanip  is  constructed. 

Ab8<)r])tion  is  considerably  promoted  when  the  soHd  body  is  in 
a  tiQely  divided  condition,  as  is  the  case  with  charcoal  i>owder 
and  spongy  platinum,  because  of  the  increased  number  of 
points  of  contact  between  t)ie  solid  bodies  and  the  gas^  but  thia 
finely  porous  condition  is  not  indispensable  to  effect  a  condensation 
of  the  gas,  it  also  occurs  if  the  solid  body  has  a  perfectly 
smooth,  or  metallic  surface:;  in  this  case,  however,  the  conden- 
sation is  less  considerable,  if  we  put  a  piece  of  platinum,  having 
a  perfectly  smooth  metalUc  surface,  into  a  mixture  of  oxygen  and 
hydrogen,  both  gases  will  be  so  much  condensed  as  gradually  to 
combine  and  form  water. 

Not  only  platinum  and  charcoal,  but  all  solid  bodies  exhibit  in 
a  greater  or  less  degree  this  remarkable  relation  to  gases.  Every  solid 
body  is  as  it  were  surrounded  by  the  condensed  atmosphere  of 
some  gas,  which  it  is  often  very  difficult  to  separate  from  it,  and 
which,  even  if  its  surface  be  perfectly  freed  from  it,  will  again 
adhere  after  a  time,  if  the  body  come  into  contact  with  gases. 
Thus  for  example,  glass  is  always  surrounded  by  a  coating  of 
condensed  air,  which  in  the  construction  of  barometers  can  only  be 
removed  by  the  boiling  of  the  mercury  in  the  tube.  If  water 
be  poorcd  into  a  glass   flask,   and  placed  over  the  fire,  there  is 

no.  130. 


soon  seen  a  number  of  bubbles  forming  on  the  bottom  long  before 
the  water  boils.     This   is  owing  to  the  layer  of  air,  which  from 
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its  great  condensation  was  before  imperceptible,  but  now  forms 
bubbleii  after  its  ex[>ansioD  by  heut.  Similar  bubbles  ap(>CHr  if 
the  vessel  with  water  be  placed  luider  the  rccei%-cr  of  the  air  pump, 
and  then  exhausted. 

Such  ^»eous  bodies  as  easily  pass  over  into  a  fluid  condition 
(vaj)<>ur)  are  rendered  liquid  by  their  attraction  for  solid  bodies. 
Thus  chloride  of  calcium  attracts  the  vapour  of  water  with  great 
rapidity,  condenses  it  to  water,  and  at  length  dissolves  in  the  water. 
Common  salt  also  attracts  the  vapour  of  water  from  the  air,  and 
becomes  moist.  It  is  the  same  with  potash  and  many  other 
bodies. 

Bodies  that  attract  the  vapour  of  water  from  the  air  are  called 
hyffr(tscopic  bodies  j  to  these  belong,  besides  those  we  have  men-  y 
tioned.  wood,  hair,  whalebone,  &c.  H 

Abtorption  of  gases  by  liquids. — Liquids  exhibit  a  similar  rela- 
tion to  gases  as  that  we  have  just  considered  in  solid  bodies.  Tli« 
may  be  made  evident  by  so  far  altering  the  cxpciiment  given  iu  ■ 
Pig.  129,  as  lo  substitute  aninioniarnl  gns  for  carbonic  acid^  and  " 
water  for  charcoal.  Tlie  amuioniacnl  j^as  is  so  eagerly  ab.-*orbed  by 
the  water,  that  all  the  gas  disappears  ut  outT,  and  the  tube 
liecomes  tilled  with  water.  J 

The  water  absorbs  700  times  its  volume  of  ammoniacal  gas,  and 
5<X)  times  its  volume  of  muriatic  acid  gas.  The  power  of  absorp- 
tion of  liquids  depends  upon  the  temperature  and  degree  of  pressTirc. 
I«i(|uids  absorb  larger  quautitics  of  gas  ut  a  low  temperature,  and 
tinder  strong  pressure,  than  a  high  temperature  and  under  less 
pressure. 

Water  almost  always  contains  a  tolerably  large  quantity  of 
ubsorbi'd  air,  from  which  it  can  only  be  freed  by  prolonged 
boiling.  Curlx^iiie  acid,  amongst  other  gases  is  pretty  freely 
absorbed  by  walt-r,  uh  for  instance,  beer,  champagne,  and  certain 
minemi  wntem. 
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SECTION  III. 

OF  MOTION  AND  ACCELERATING  FORCES. 

CHAPTER    I. 

DIFFERENT    KINDS    OF     MOTION. 

Re$t  and  Motion. — ^A  body  that  changes  its  position  with  respect 
to  another  is  in  motion ;  it  is  at  rest  if  no  such  change  occur. 
Every  form  of  rest  or  motion  observed  by  us  is  only  relative,  not 
absolute.  The  trees  are  at  rest  in  relation  to  the  neighbouring 
hilb ;  trees  have  an  unchangeable  position  on  the  earth's  surface ; 
but  trees  and  hills  are  not  on  that  account  in  a  state  of  absolute 
rest ;  they  with  the  whole  earth  on  which  they  stand  traverse 
the  vast  orbit  of  our  planet.  Although  we  know  that  we  fly 
through  the  space  of  heaven  with  the  earth,  as  it  revolves  round 
the  sun,  we  cannot  say  anything  definite  respecting  our  own 
absolute  motion,  as  we  know  not  whether  the  sun  is  an  immove- 
able centre  of  the  world.  Everything,  however,  seems  to  imply 
that  the  sun  itself  is  only  a  planet  revolving  round  another  sun, 
which  in  its  turn  is  not  fixed ;  but  wc  are  not  able  to  determine 
or  even  to  conjecture  what  the  centre  of  all  motion  is. 

There  are  two  essential  points  regarding  motion  that  we  must 
consider,  viz.  direction  and  velocity.  If  a  body  move  continually 
in  one  direction,  its  course  is  in  a  straight  line ;  but  if  the  direction 
of  its  motion  constantly  change,  its  motion  is  curvelincar.  If  we 
draw  a  tangent  to  the  curve  at  a  point  of  the  curve  occupied  by  the 
body  at  any  given  instant,  this  tangent  will  show  the  direction 
of  the  motion  of  the  body  at  that  moment. 

Uniform  motion, — A  body  has  an  uniform  motion  if  it  pass 
over  equal  spaces  in  equal  times.  If  a  body  moving  in  a 
stnight  line,    advance  equally   far,    sixty  feet   for   instance,    in 
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each    uiiuute,    tliirty    feet   in  every   half  minute,    and   one   foot 
ID  every  second,  it  moves  unifornily.     As  the   spaces  traversed 
in   equal  times  are  equal,  it    follows   that   the  relation    between 
time  and  space  remains  constant.     This  relation  we  term  the 
velocity  of  uniform  motion.     If  we  take  double  or  triple  the  time, 
the  space  traversed  will  be  doubled  and  tripled;  and  the  rela- 
tion comsequcntly  reuiains  the  same.     The  number  expressing  the 
Velocity  depends  upon  the  units  chosen  for  space  and  time.     If  we 
were  only  to  express  the  velocity  by  a  number,  without  giWng  the 
units  employed,  the  velocity  would  then  be  wholly  undetined.    The 
iplest   mode  of  expressing    velocity  is   by    giving  the   space 
mvciNcd  by  the  body  iu  an  unit  of  time,  as  a  minute  or  a  second. 
Thus  for  iuKtnurc  a  man  walks  as  a  general  rule  with  the  velocity 
of  2.5  foct  in  a  second.     An  ordinary  wind  has  a  velocity  of  60 
metres  in.  the   uiinute ;  n   hurricane   2700  metres   in    a    minute. 
Thrsr  two  liiNt'imined  viliK'ities  admit  of  comparison,  as  they  are 
exprcjtwd  in  the  «*mc  units;  thus  the  velocity  of  the  hurricane  is 
45    tinu'i*   ii»   g-w'tit    iiti  that   of  an  ordinary  wind.     If  we  would 
conipair  iho  %\w<\\  of  a  nmn  with  the  velocity  of  the  hurricane,  wc 
must  ftrsl  rrtlucc  both  lo  a  like  unit.    As  matter  is  inert,  a  body 
once  having  tin  uniform  motion  would  continue  to  move  in  the  same 
direction,  and  with  the  same  velocity,  unless  a  second  force  were 
to  act  u|M)n  it,  changing  its  direction  alone,  or  its  velocity  alone,  or 
both;   for  by   itself  a  body  can  change  nothing  in  this  respect, 
either  with  regard  to  its  conditions  of  rest  or  motion.     Thus  we 
Hre  lo  understaml  the  law  of  inertia,  and  not  as  the  older  philoso- 
phers, who  maintained,  that  matter  had  a  prevailing  tendency  to  rest. 
If  we  sec  that  the  motion  of  a  body  be  in  any  way  changed,  if  for 
inNtanoe,  its  velocity  increases  or  diminishes,  its  motion  ceases,  or 
changes  its  direction,  then  must  this  change  always  be  occasioned 
by  Koniu  external  cause.     A  stone  thrown   towards  the  sun  would 
VOiUtnue  its  course  till  it  reached  the  sun,  were  it  not  prevented  by 
%\\i>  re«iMtunce  of  the  air,  and  by  the  force  of  gravity   drawing  it 
back  to  the  earth. 

,ifH,'i/i<^'utfd  and  retarded  motion. — A  constant  change  of  velocity 
rnu  iiiiK  hr  fffected  by  a  constantly  acting  force,  termed  accelt' 
i  otardiny  according  as  it  augments  or  (hmiuishes  motion. 

\  rut  of  the  varying  motion,  all  the  accelerating  or 

*  >»  were  to  cease  to  act,  the  motion   would  bi«om<?^ 
ii^MM  iKal  moment.     The  velocity  of  a  varying  motion 
iuUaam:"^  *•  dvtcrmined  by  computing  how  far  the  body  w< 
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tn  the  unit  of  time,  if  all  acceleration  and   rctardatton  were 
to  cease  from  the  said  moment. 

A  motion  is  termed  uniformly  accelerated  or  uniformly  rptardcdj 
if  the  velocity  incrcatw  or  diminish  equally  in  equal  times*. 
Such  motions  are  produced  by  forces  acting  continually  with  the 
e  intensity  as  is  the  case  with  gravity.  A  heavy  body  falls 
ith  an  uniformly  accelerated  velocity.  If  we  set  out  with  the 
suppoeition  that  the  intensity  of  gr&\ity  its  the  same  at  the 
diffV-rent  places  traversed  by  the  faUing  body,  (and  experience 
jiiMifies  us  in  tliis  assumption  at  least  v^-ithin  certain  LmitAtions), 
all  laws  of  freely  falhng  bodies  may  be  dcveJnpcd  by  a  simple  mode 
of  reasoning-. 

As  gravity  acts  in  the  same  manner  at  every  moment  of  a  fall,  the 
velocity  of  the  falling  body  must  also  increase  equally,  on  equal  terms, 
that  is  the  motion  must  be  a  uniformly  accelerated  one.  If  the 
falling  body  attain,  in  the  first  second  of  its  descent,  a  velocity  y, 
it  must  after  2,  3,  -i  .  .  .  /  seconds  have  attained  to  a  velocity  of 
■^^1  ^9i  4^  .  .  .  /  ,  ^,-  wbich  may  be  thus  generally  expressed  in 
^Brords  :  the  velocity  of  a  freely  faUitty  body  is  always  proportionate 
r     to  the  time  elapsed  during  its  fall :  or  it  is 

^Hr  V  represent  the  velocity  acquired  by  the  body  during  its  fall  of 
/  seconds,  and  g  its  velocity  at  the  end  of  the  first  second. 

MTiat  space  will,  therefore,  the  body  fall  through  in  1,  2,  3,  4 
.  .  .  .  /  seconds  ?  At  the  beginning  of  the  first  second,  its  velocity 
IB  equal  to  o;  at  the  end  of  the  same,  it  is  ^.  As  now  the 
velocity  increases  uniformly,  the  space  fallen  through  in  one  second 
must  clearly  be  the  same  as  if  the  body  were  during  one  second 
moved  by  a  velocity  ranging  half  way  between  the  beginning  and 
Hiding  velocity :  that  is  In-tween  o  and  g.  But  this  medium 
velocity  is  ^  ^,  and  a  body  falling  during  one  second  with  a  velocity 
^^  i  9i  passes  over  a  space  \  g. 

In  the  same  manner,  we  may  find  by  deduction  the  space 
passed  through  by  a  body  falling  during  two  seconds.  The  starting 
velocity  is  o ;  the  closing  velocity  2  g ;   the  medium  velocity  is 

consequently  -^  and  a  body  moving  during  two  seconds  with  this 
velocity,  passes  through  a  space  equal  to  2.2  5. 

In  three  seconds  the  body  passes  through  a  space  equal  to  3.3 1  for 
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thu  starting  velocity  i^  u,  the  closiug  velocity  3  y,  and  rhe  tut-diuni 
velocity  is  consequently  equal  to  3  ^ ;  and  a  Iwdy  must  move  uni- 
formly with  this  velocity  during  three  seconds,  if  it  travensc  the  same 
space  through  which  a  heavy  body  will  fall  in  tJic  sanie  time  Wc 
will  express  this  generally.  If  u  body  fall  during  /  seconds,  it  must 
li*avei*8e  a  space  equal  to  what  it  would  have  done  during  the  same 
tiiue  with  an  uniform  motion,  if  its  velocity  were  a  medium  between 

0  and  g  - 1,  that  is  ^  ,  /.  But  u  body  moving  t  seconds  with  a 
velocity  equal  to  ^  ^  traverses  a  space 
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or  expressed  verbally  :   tAe  spaces  described  are  propartioixal  to 
Sfpiarrs  of  (he  times. 

Experiment,  however,  can  alone  prove  whether  these  premises 
be  correct,  and  whether  gravity  actually  be  an  uniformly  accele- 
rating foroe.  This  questi4}n  enniiot  be  ilirectly  solved,  since  the 
velocity  with  which  bodies  fall  augments  so  rapidly,  that  after  the 
6rst  few  moments  it  becomes  impossible  to  determine  accurately 
the  spaces  passed  through  in  given  times.  But  although  we 
cannot  find  this  by  direct  expi'riment,  wc  may  arrive  at  the 
result  by  indiivct  means.  The  most  simple  method  is  GaHleo*s 
inclined  plane,  but  the  one  jwssessed  of  the  greatest  degree  uf 
accuracy  is  Atwood's  fulling  machine. 

Galileo's  inclined  Plane. — Galileo  studied  the  laws  of  descent  by 
rolling  easily  moving  bodies  down  an  iiieliiifd  plaue.  To  follow 
his  experiments,  it  is  best  to  make  use  of  a  euiial  of  wood,  ab(»ul 
10  or  12  feet   iu  length  (Fig.   131)   polished   as  smoothly  aa  i>08- 

sible  in  the  interior, 
and  divided  into  feet 
and  inches.  Tlic  canal 
m  ust  be  inclined  by 
being  supported  at  one 
end.  If  it  were  placed 
perfectly  liurizoutally,  a  ball  laid  upon  it  would  remain  at  rest, 
owing  to  its  gravity  being  entirely  eomiterpoised  by  the  i*esistancv 
of  its  hori/Aiiitul  su|iptnl.  If  llu-  r;mal  weir  placed  vertically, 
the  ball  would  full  freely  with  the  vUiole   force   of  its  gravity;  but 
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i1  tbe  body  br  inclined,  the  force  of  gravity  will  be  di!nini8he<l  in  a 
certain  fixed  relation.  It  follows  trom  the  principles  of  statics,  that 
we  obtain  tbe  amount  of  aeccleratin^  force  urgiiig  thu  ball  down 
tlie  inclined  pbioe,  if  wc  multiply  the  accelerating  force  of  gruxity 
with  the  sine  of  the  angle  of  inclination  of  the  plane.  Whatever 
y  be  the  relation  in  which  a  force  is  diminished,  whether  it  be 
need  to  the  half,  the  third,  or  the  fourth  part  of  its  original 
amount,  the  absolute  amount  of  the  motion  ])roduced  wdl  alone  be 
changed,  whik  the  relati(»ns  of  the  spaces  traversed  in  griveu  times 
will  remain  the  same.  The  laws  derived  from  experiments  with 
the  iuclined  phinc,  are  therefore  the  true  laws  of  gravity.  If  we 
slip  a  ball  at  a  definite  moment  from  the  upper  end  of  the  canal, 
and  note  the  spaces  traversed  in  1,2,  3,  seconds,  w^c  shall  find  that 
the  spaces  are  as  the  squares  of  the  time  necessary  to  traverse 
ose  spaces.  Gravity  is,  thea'fore,  really  an  uniformly  accelerating 
•er. 

AticootTa  Fallmy  Machine  consists  essentially  of  a  pulley  revolv- 
ing round  a  horizontal  axis,  and  fas- 
tened to  the  top  of  a  vertical  column, 
about  7  feet  in  height  (Fig.  132).  A 
string  is  slung  over  the  pulley  having 
equal  weights  m  at  its  extremities.  If 
wc  attach  an  extra  weight  n  on  the 
one  side,  equilibrium  will  be  dis- 
ttirbed;  the  weights  m  and  n  wdl  sink 
on  one  side,  and  the  weight  m  on  the 
other  will  be  raised  up.  The  velocity 
with  which  this  takes  place  is  much 
less  considerable  than  in  a  free  full, 
IxH^ause  the  moving  force,  the  force  of 
gravity  of  the  extra  weight  n,  has  not 
oidy  to  set  \x\  motion  the  mass  nij  but 
also  the  muss  2  m-^-n. 

If,  for  example,  each  of  the  weights 
m  were  7  oz.  but  «  1  oz.  only,  the 
extra  weight  of  1  oz.  would  have  to 
put  a  mass  of  15  oz.  in  motion;  the 
motion  wdl  follow  the  same  laws,  aa 
a  free  fall,  with  this  difference 
only,  that  the  intensity  of  the  acce- 
lerating force  is  here  15  times  smaller. 
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If  the  ipacc  tiaymid  dvng  the  first  aeeo^d^of  falling  be 
1  iadif  it  arasl  be  4  inches  daring  the  two  first'  seconds ;  if, 
therelbre,  we  more  the  slide  to  4  inches  below  zero,  the  weight 
that  began  its  motion  at  the  point  tero,  will  strike  at  the  end  of 
two  necondfl. 

If  we  let  the  motion  always  begin  Cram  the  same  point  of  the  scale, 
Tift,  from  zero,  the  slide  most  be  fixed  at  9,  16,  25,  36,  49,  64 
inches  liclnw  that  point,  if  the  weight  is  to  strike  in  3,  4,  5,  6, 
7,  8  seconds.  This  experiment  fuUj  confirms  the  Uw,  that  the 
spaces  traversed  in  falling  are  as  the  squares  of  the  time  of 
failing. 

Wc  have  shown  above  that  this  law  follows  firom  the  assump- 
tion that  the  velocity  is  proportionate  to  the  time  of  falling.  The 
truth  of  tlic  inference  proves  also  indirectly  the  correctness  ci  the 
aMUUiption.  The  relation  existing  betneen  the  time  of  falling, 
and  the  velocity  of  the  body  at  any  given  moment  cannot  be 
dirnctly  asccrtuincd  either  in  a  free  descent,  or  by  means  of  the 
inclined  planr,  nincc  in  order  to  obtain  this  result,  it  would  be 
nccesnary  that  the  velocity  of  the  body  should  not  increase  from 
thiit  rnoinrnt,  ('(((iMirquently  we  must  be  able  suddenly  to  destroy 
till!  nriiiin  of  gravity  on  the  liody.  By  menus  of  the  falling- 
mm^hino,  we  may  arrest  the  accelerating  force  at  any  moment. 
The  accelerating  force  is  only  the  gravity  of  the  extra  weight  n  / 
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if  now  we  give  to  the  excess  of  weight  n,  the  form  rcprcwnted  at 
no.  IM.  Fig*  133,  we  may  arrest  it  by  means  of  the  |)crforated 
«^— K=.  slide  at  any  moment,  while  the  maaa  m  continues  to 
=(jj>=»  progress  with  uniform  velocity  from  the  time  it  ceased  to 
be  acted  upon  by  an  acceleratiTig  force.  We  may,  therefore,  by 
help  of  this  contrivance  determine  directly  the  velocity  at  any  one 
moment  by  the  space  traversed  in  the  next  second. 

Wc  have  seen  that  if  ^  be  the  velocity  of  the  body  at  the  end  of 
the  first  second  of  falling,  the  space  traversed  in  the  same  period 
of  time  will  be  {  g.  If  now  we  have  so  arranged,  that  1  inch  is 
traversed  in  the  first  second,  the  closing  velocity  of  the  first  second 
wdl  be  2  inches,  that  is,  if  at  the  close  of  the  first  second  the 
accelerating  force  cease  to  act,  the  body  will  traverse  in  the  next 
second  a  space  of  2  inches  with  uniform  velocity. 

It  is  easy  to  demonstrate  that  this  relation  actually  exists 
between  the  time  and  velocity  of  falling.  Let  us,  for  instance,  bo 
place  the  weights  m-^n  before  motion  begins,  that  the  under 
fforface  of  n  may  stand  at  zero  upon  the  scale  ;  the  perforated  slide 
must  abo  be  so  arranged  that  its  upper  surface  stand  at  1  inch, 
and  the  lower  slide  so  that  its  upper  surface  may  be  as  much 
below  the  mark,  3  inches,  as  the  height  of  the  weight  m  rcq\iircs. 
If  now  we  start  the  weights  at  a  definite  moment,  the  extra 
weight  will  strike  in  1  second,  and  the  weight  m  in  2  seconds. 
The  upper  point  of  the  weight  m  has,  therefore,  traversed  the 
space  from  eero  to  1  with  accelerated  velocity  in  the  first  second, 
and  has  passed  in  the  next  second  from  I  to  3  with  an  uniform 
degree  of  velocity. 

That  the  velocity  is  really  uniform  after  the  removal  of  the 
extra  weight,  we  see  from  this,  that  if  without  altering  anything 
eUe  wc  lower  the  slide  2,  4,  6,  8,  or  10  inches ;  the  contact  occurs 
1,  2,  3,  4,  or  5  seconds  later;  consequently  that  a  space  of 
2  inches  is  traversed  in  evciy  succeeding  second. 

If  we  had  so  arranged  the  extra  weight  n  that  2,  3,  4-,  5,  &c. 
inches  were  traversed  in  the  first  second,  a  space  of  4,  6,  8,  10, 
&c.,  inches  would  be  passed  over,  provided  we  removed  the  extra 
weight  at  the  end  of  the  first  second. 

We  have  assumed  above  that  if  the  velocity  be  g  at  the  end  of 
the  first  second,  the  closing  velocity  in  2,  3,  4  seconds  will  be  2y, 
Z  g,  4g.  Experiment  fidly  confirms  this.  If  wc  again  assume, 
that  the  extra  weight  n  be  so  arranged,  that  in  the  first  second 
1  inch  will  be  traversed,  and  consequently  in  the  next  two  seconds. 
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4  indies,  thcrr  will  be  a  space  of  I  incbns  paMrd  ov^r  in  each 
succeeding  second,  provided  we  take  off  the  rxtra  weight  ai  th« 
close  r>f  two  second* ;  if  we  did  not  take  off  the  extra  weight  ficfore 
the  closic  of  the  3rd  and  4th  second,  that  is  when  a  .«pace  of  9,  or 
16  inches  had  been  passed  over,  tlie  motion  would  coutinur  fmrn 
that  time  with  an  uniform  velocity  of  6  or  8  inches. 

In  a  free  fall  the  value  of  ff  may  be  taken  at  fiomewbat 
more  than  30  feet,  ^lien  we  come  to  speak  of  the  pendulum,  wc 
will  pve  a  more  accurate  cstitnate  of  its  value.  In  a  free  fall, 
therefore,  according  to  the  above  proved  laws,  the  space  passed 
over  in  the  first  second  of  falling  must  be  about  15  Pans  feet,  while 
in  2,  3,  or  4  seconds,  it  must  amount  to  60,  135.  240,  &c- 

Oalileo  himsi^f  made  experiments  regarding  the  free  descent  of 
bodies,  which  were  subsequently  repeated  by  RiccwH  and  GrtmaUi 
from  the  Tower  Deffli  Asinelli  in  Bologna ;  DecfwUcs  has,  however, 
made  the  most  aeciimtc  ev]>eriment«  on  the  subject.  The  observed 
Bpaoos  through  which  bodies  fall  arc  always  smaller  than  wc 
might  Ikj  led  to  expect  from  theory.  This  difference  depends, 
however,  solely  upon  the  resistance  of  the  air,  which  increases 
as  the  square  of  the  velocity.  In  the  falling  machine,  and 
the  falling-cuual,  the  resistance  of  the  air  docs  not  inilueuce  tbcy 
results. 

It  is  frequently  important  to  be  able  to  compute  directly  the 
velocity  coiTcsponding  to  given  heights  of  descent.  A  fornuda, 
acc<^rding  to  which  this  calculation  may  be  made,  is  obtained  from  the 

following  equations  v  =  g,  t  and  «  ^  5  f".     By  the  elimination 

of  /  we  find  that 

w  =  i/ayi. 

The  velocities  ai'c,  therefore,  as  the  square  roots  of  the  spaces. 
If  for  instance,  a  body  had  fallen  from  a  height  of  100  feet,  iU 
veJocity  would  be,  according  to  this  fonnula,  as  follnws :  p  = 
v^a. 30.100  =  77,4  . .  feet  (without  taking  into  account  the  resistance 
of  the  air). 

Wlwn  h  body  is  pmjcctcd  by  any  force  vertically  upwards, 
it  ascends  with  decreasing  velocity;  after  a  time  its  upward 
motion  eea.scs,  and  it  then  begins  to  fall.  The  laws  of  this 
motion  follow  innnediately  fmni  the  foregoing.  Suppose  a 
l>ody  to  be  thrown  upward  with  a  velocity  of  150  feet,  it  would 
ascend  150  fi'ct  in  every  second,  provided  gravity  exercised  no 
iiifiuence  upon  it.     But   as  gravity   impartH   to  a  falling  body  in 
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1,  2,  3,  4,  5  sccondB,  u  velocity  of  30,  CtO,  90,  120,  150  feet, 
opiKjsed  to  ihc  direction  of  tlic  upward  luotion,  it  is*  evident  thai 
the  velocity  of  tbe  ascending  body  is  at  the  end  of  the  lat  second 
150  —  30  =120  feet;  at  the  close  of  2  st^conds  this  velocity  is 
150  —  60  =  90  feet;  at  the  close  of  3  seconds  150  —  90=00 
feet ;  in  4  seconds  150 —  120  =  30  feet ;  and  finally  at  the  end  of 
the  5th  second  150 —  150  =  0  ;  and  now  cons(H|uently  the  body 
k'^'na  to  fall.  We  have  here  an  illustration  of  an  unifonidy 
retarded  motion,  for  the  velocity  of  the  n-scendinj?  l>ody  diminishen 
about  the  same  in  every  second,  viz.  about  30  feet. 

Let  us  put  this  in  general  terms.  If  n  be  the  velocity  at  the 
beginning  of  the  accent,  tlic  velocity  of  the  body  will  after  /  sceonda 
be 

V  =  n—ff  t. 

The  body  ceases  to  ascend,  when  n  :=  y  t^  that  is,  when  the 
velocity  acquired  in  falling  during  /  seconds  is  equal  to  the  velocity, 
with  which  the  body  began  to  ascend. 

The  time  required  by  the  body  to  reach  the  highest  point  of  its 
counsey  ir 

Let  us  now  endeavour  to  ascertain  the  height  attained  by  an 
nding  iKxly  in  a  given  time.  According  to  the  above  given 
ntastratlon,  the  body  would  have  attained  a  height  of  150,  300, 
450,  &c.,  feci,  1,  2,  3,  &c.,  seconds,  provided  gravity  had  not 
drawn  it  down.  But  as  we  have  seen,  granty  draws  it  down  15 
feet  in  1  second;  4.  15  =  00  feet  in  2  seconds;  and  9.  15  ^ 
135  feet  in  3  sccondn.  The  height  at  the  end  of  1  second  is, 
therefore,  150  — 15  =  135  feet;  at  the  end  of  2  and  3  seconds, 
300  —  GO  =  240  feet,  and  450—135  =  315  feet.  In  5  seconds 
it  would  have  reached  a  height  of  750  feet,  but  being  drawn  down 
15x5^  =  375  feet  by  the  force  of  gravity,  it  is  actually  at  an 
elevation  of  750  —  375  =  375  f(:(;t,  and  now  begins  again  to  fall. 

IjcI  lis  consider  this  more  generally.  In  t  seconds  the  body 
would  ascend  to  the  height  n  /,  owing  to  its  original   velocity  n ; 

but  having  been  drawn  down  ^  ^  by  gravity,  its  actual  height  is 
(The  body  ascends  as  long  as  n  /  is  greater  than  ^  W 
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As  the  highest  point  of  its  course  is   attained  when  '  =  -j 

we  find  the  elevation  nf  the  hody  at  thia  moment,  if  in  the  above 
given  fomuila  for  A,  wc  substitute  this  value  in  place  of  t ;  we 
then  have 


?1 


^9 


^9 


it  from   the  formula  v  =  g  t;  but  as  the  time  of  falling  / 


But  in  -  seconds  a  body,  falling  free,  traverses  a  s|HLoe 

9    ^*  _^ 

2'  g'       2g 

Hence  it  follows  that  the  body  requires  exactly  as  much  time  to 
fall  as  to  rise. 

Let  us  seek  the  velocity  with  which  the  falling  body  n^gains  the 
|>oint  from  whence  it  began  its  ascending  motion.     We  shall  find 

n 

9 

it  follows  that  p  =  w,  that  is  the  body  comes  down  icifh  the  same 
velocity  with  which  it  began  to  rise ;  or,  in  order  to  impel  a  body 
vertically  to  a  height  h,  we  must  impart  to  it  an  initial  velocity, 
exactly  as  great  as  that  acquired  by  it,  in  its  free  fall  from  the 
height  h. 

Projectiles. — If  a  body  be  thrown  in  any  other  than  a  vertical 
direction,  it  will  describe  a  curved  linc^  the  form  of  wliich  may  be 

easdy  deduced  from  the  laws  of  falhng. 
liCt  us  assume  the  sim])lc3t.  case,  for 
instance,  that  the  body  l>c  impelled  by 
any  force  in  an  horizontal  direction. 
If  there  were  no  such  force  as  gravitv, 
the  bodv  would  continually  move  in  an 
horizontal  dii*ection,  and  with  an  uni- 
form velocit)'. 

By  re^ison  of  the  first  impelling  force, 
it  would  traverse  the  space  a  b  in  \ 
second,  the  equally  large  space  b  c  m 
2  seconds,  and  so  on,  and  must  conse- 
quently at  the  end  of  the  Ist,  2nd,  3rd« 
&c.,  second,  have  reached  the  points  A, 
r,  d,  Hcc.  But  it  has  sunk  from  the 
force  of  gravity ;  in  the  first  second  it  fell  15  feet,  consequently 
at  the  end  of  that  time  instead  of  being  at  5,  it  will  be   15  feet 
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ht^Cfw  it.  At  the  end  of  the  next  second,  it  is  60  feet  below  c; 
at  the  end  of  the  thirds  135  feet  below  e/,  &c.  The  curved  line 
dcarribcd  by  the  body  in  this  manner,  is  n  parabola. 

If  an    impulse  be   given    in   any   other   direction,   the   coarse 
detcribed  may  in  like  manner  be  obtained  by  construction. 

The  course  dcscrilvd  by  a  projected  body  varies  in  consequence 
of  the  resistance  of  the  air  from  a  true  parabola. 

Centra!  motion. — We  must  now  consider  motions  proiiuced  by 
praritA*,  \Therc  the  directions  of  the  force  of  gravitation  in  various 
points  of  the  course  are  no  longer  parallel.     Motions  such  as  these 
are  observed  in  the  revolution  of  the  moon  round  the  earthy  and 
of  the  planets  round  the  sun. 
If  we    suppose  the  \mut  a   (Fig,   135),    to   have  received   an 
impulse  in  the  direction  a  b  from  any  momen- 
tarily acting  force  at  the    beginning   of  its 
course,  while  it  is  driven  towards  the  point  m 
by  a  constantly  acting  force  of  attraction,  it 
will   neither  move  in   the  directions  a  b  nor 
a  c,  but  in  another  direction  a  d,  which  may 
be  ascertained  by  the  law  of  the  parallelogram 
offerees,     lu  order  to  make  the  consideration 
more  simj>le,  we  will  assume  that  the  con- 
stantly attracting  force  directed  towards  m,  acts  by  impulses  at  short 
inten-ula,  and  this  will  be  found  the  more  nearly  to  nppronch  the 
truth,  the  smaller  we  imagine  these  intcnals  to  be.  If  the  latcrully 
directed  impulse  alone   would  drive  the  material   point  in  a  short 
apace  of  time  /  from  a  to  b,  and  the  atti'acting  force,  acting  alone 
would  urge  it  in  the  same  time  to  c,  it  would   move  imdcr  the 
iuflneuce  of  both  forces  iu  the  instant  of  time  /,  from  ti  to  d.  Arrived 
at  d,  it  would   move  further  in  the  direction  d  e,  and  in  the  time 
/,  the  space  rf  e  would  be  exactly  as  great  aa  o  rf,  if  the  attracting 
forci;   did  not    act   again  in   isuch    a  manner,  as  if  the  body  had 
received  an  impulse  in  d,  which  acting  alone  would  have  led  it  in 
the  time  /  from  d  to  /.     By  this  second  action  of  the  attracting 
force,  the  body  is  again  turned  from  the  direction  d  e,  and  urged 
toy. 

From  this  we  r^n  easily  understand,  that  if  the  body  have 
received  at  a,  a  laterally  directed  impulse,  while  the  attracting 
force  acts  at  small  mtervals,  it  must  describe  a  polygon,  which 
approaches  more  nearly  to  a  curved  line  in  proportion  to  the 
siuallneiu  of  the  intervals.     When  the  attracting  force  constantly 


130 


CENTRAL    MOTION. 


acts  as  it  does  in  nature,  the  course  will  truly  be  a  curved  lie  . 
the  nature  of  which  will  depend  upon  the  relation  of  the  influencing 
forces. 

The  force  that  constantly  urges  a  body  towards  a  central  point 
of  attraction^  is  designated  the  centripetal  force.  If  at  any  moment^ 
the  centripetal  force  were  to  cease  acting,  the  body  would  from 
that  instant  continue  to  move  in  the  direction  of  a  tangent,  and 
the  force  thus  acting  is  named  the  tangential  force. 

The  figure  described  by  the  course  of  a  body  will  be  a  circle,  an 
.  etlipau,  &C.J  according  to  the  relation  between  the /an^rm/ur/ and 
centripetal  forces. 

Let  iia  seek  to  determine  the  amount  of  the  centripetal  force, 
that  urges  the  moon  in  its  motion  round  the  c^rth  towards  the 
central  point  of  the  latter.  The  earth's  circumference  is  40  milhons 
of  metres ;  but  as  the  radius  of  tlic  moon's  orbit  is  equal  to  60  radii 
of  the  earth,  the  circumference  of  the  moon's  orbit  is  2400  milliou!* 
metres.  This  course  it  tra^xrses  in  27  days,  7  hours,  43  minutes, 
or  what  is  the  same  thing  in  39,343  minutes.      In  every  minute, 


therefore,  the  moon  passes  over  a  space  of 
metres 


2400,000,000 


=61,000 


39,343 
Fig.   136  represents  the  arc  a  i  of  61,000    metres, 
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traversed  by  the  moon  in  one  minute ;  a  ci», 
therefore,  the  amount  of  space  through 
which  the  moon  would  approach  the  earth  m 
one  minute  by  the  force  of  gravity,  if  the 
action  of  the  tangential  force  were  suddenly 
destroyed. 

We  may  compute  the  magnitude  of  the 
distance  a  c,  by  assuming  that  the  arc  a  b  h 
a  straight  line  horn  which  it  actually  deviates 
but  slightly :  a  b  n  \a  then  a  right  angled 
triangle,  6  c  is  a  perpendicular  let  fall  from 
the  right  angle  upon  the  hypothenuse  ;  and 
under  such  circumstances^  in  accordance  with 
a  kuown  proposition  of  geometry,  a  b  i»  % 
mean  proportional  between  a  c  and  an; 
consequently 

n  Ir  =^0  cxa  n 


and  hence 


a  c 


a^ 
an 
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Now  we  have  aecn  that  a  b  =.  ClOOO" ;  but  a  n  thetsdnu  of  the 
moon's  orbit  U  763,950,000".  If  we  put  this  value  iu  the  place  of 
a  b  and  a  n  iuto  the  last  equation^  wc  have 

a  c  ==  4,87-, 
that  16,    we  find  the  attraction  of   the  moon  towards  the  earth 
amounta  to  4,87  metres  in  a  minute. 

But  what  is  the  force  producing  thia  action  ?  la  it  the  same 
force  that  uiukes  the  atone  fall  to  the  earth  ?  If  we  assume  that 
the  force  of  gravity  observed  upon  the  sudacc  of  the  earth,  extends 
it«  influence  beyond  our  atmosphere,  acting  even  on  the  moon, 
we  can  easily  comprehend  that  its  inttuisity  must  diminish  with 
tl»e  distance  from  the  earth.  By  a  niraple  mode  of  deduction, 
which  we  shall  consider  more  attentively  when  we  treat  of  light, 
we  find  that  the  intensity  of  all  actions  emanating  &om  one  point 
fttanda  in  an  inverse  relation  to  the  squares  of  the  distance.  Con- 
sequently at  double,  triple,  quadruple  the  distance  from  the  earth's 
centre,  the  intensity  of  the  force  of  gravity  will  be  diminished 
4,  9,   16  time;9. 

At  the  moon  it  is,  therefore,  60^  or  36(X)  times  weaker  than  at 

the  surface  of  the  caith,  because  the  moon  is  removed  60  times 

farther  from  the  earth's  centre.  If  according  to  this,  the  space  fallen 

through  in  the  first  second  on  the  earth's  surface  were  4,9  metnrs, 

the  space  fallen  through  by  the  moon  towarcU  the  earth  in  one  second 

49 
would  be  ^  metres,  and  consequently  iu  a  minute,  that  is  sixty 

4.9 


seconds,  it  would  be 


6(>' 


60^  =  4,9  metres.    That  is  the  6|>aee 


by  which  the  moon  approaches  the  earth  in  one  minute  muat  be  as 
great  as  the  space  fallen  through  in  the  first  second  of  fall  upon  the 
earth's  surface. 

If  wc  compare  the  space,  viz.  4,9  metres,  calculated  for  the  fall 
of  the  moou  toward.s  th*.'  earth  in  u  minute,  with  the  4,87 
metres  deduced  from  astronomical  observations,  we  shall  really  only 
find  a  very  small  diiference,  which  would  wholly  disappear  if  we 
had  not  for  the  sake  of  the  simpler  computation,  taken  only 
approximating  ^g^^  into  consideration.  Thus  we  have  entirely 
Ticglected  the  seconds  in  giving  the  time  of  the  moon's  revolution, 
and  have  assumed  the  distance  of  the  mofin  from  the  earth  to  be 
e<piul  to  60,  although  it  really  is  60,16  radii  of  the  earth. 

In  this  manner  the  motion  of  the  planets  round  the  siui  may  also 
be  explained,  and  it  is  thus  one  and  the  same  force  that  urges  the 

K  2 


A 
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stone  to  the  earth,  and  acting  through  the  whole  spaci-  of  the 
hcvrens,  maintains  the  harmony  of  our  planetary  system. 

For  the  knowU^dge  of  this  vast  law  of  general  gravity,  we  are 
indebted  to  the  penetration  and  the  unwearying  industry  of 
Newton.  Had  he  done  nothing  more,  this  single  discovery  would 
have  sufBeed  to  immortalixe  his  name. 

In  the  same  manner  in  which  we  have  developed  the  amount  of 
tbe  ccntiipctal  force  in  the  motion  of  the  moon^  we  may  abo 
obtun  a  general  expression  for  these  forcea.  Let  us  assume,  as  a 
veMEorc  of  the  ceutripetal  force,  the  space  a  c,  through  which  the 
body  in  its  central  motion,  in  a  \mit  of  time,  will  be  urged  towards 
the  centre  of  attraction,  and  let  as  designate  it  by  p,  then  as  has 

been  already  proved  j»  =  — --    Now  the  arc  a  6  is  that  which  the 


a  n 


2ur 


body  actually  dc^ribes  in  the  unit  of  time,  therefore,  a  b  = 

ifr  be  the  radius  of  the  sphericjd  orbit,  and  /  designate  the  time  of 
re\'olution.  Further  a  n  is  the  diameter  of  this  orbit,  and  conse- 
quently equals  2  r.  If  we  substitute  these  valuer  o{  a  b  and  a  n 
in  the  alxnc  equation,  we  tind  tliat 

2  n'r 


That  is  to  say :  if  two  bodies  move  in  different  orbits,  and  with 
different  times  of  revolution,  /Ae  centripetal  forces  mil  be  as  tite 
radius  of  the  cirdfs  descnbed,  and  inversely  as  the  squares  of  the 
times  of  rrtvlutton. 

If  a  small  aplicre  which  we  must  suppose  devoid  of  weight  be 

fastened  to  the  end  of  a  string  at  m,  and  turned  round  the  jioint  r, 

ria.  157.  ^  that  it  describes  a  circle  round  the  centre 

, ^^,_  c,  the  string  will  constantly  have  to  sustain 

.•*'*  *^'-..       a  tension  increasing  with  the    speed  of  the 

/  \     revolution.     If,  at   any  moment,  the  string 

I  \    were  8e\'ered,  the  ball   instead  of  mo\iiig  an 

!  '  i    in  a  circle,  would  by  reason  of  its  inertia  % 

\  /     off  at  a  tangent  from  its  former  path. 

V  y  The  cause  of  the  tension   sustained  bv  the 

'"*•*■*'  string  is  designated  centrifugal  force. 

Bui  nx  the  reaistunce  of  the  string  pi-oduccs  the  same  effect  as 
the  erntript'tal  force  eonsidercd  under  the  head  of  central  motion, 
it  is  eltrnr  that  the  centrifugal  force  is  equal,  and  opposed  to  the 
pcntriprtnl   force,    and   thnt   all  that   has   brcn   said  of  the   latter 
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■pplica  equally  to  the  tornier,  that  is,  that  the  centrifugal  force 
increases  in  llie  ratio  of  the  nidius  of  the  orbit,  and  iiiversely  to  the 
aqoare  of  the  period  of  revolution.  As  a  matter  of  course  the 
teasion  of  the  string,  and  cou8e({Ut'ntly  the  centrifugal  force  ntust 
btt  pn)|K)rtitmal  to  the  revolving  mass. 

Centrifugjil  force  prevails  wherever  there  is  a  rotation  round  a 
fixed  axis,  and  ttie  »e|mrate  particles  are  prevented  in  any  way 
deviating  from  tliis  axis.  Such  a  centrifugal  force  must,  therefore, 
be  occasioned  by  the  rotation  of  the  earth  round  its  axis.  As  the 
time  of  rotation  is  the  same  fjjr  all  points  of  the  earth,  while  the 
different  points  are  not  cqui-diMtant  from  the  axis  of  rotation,  it  u 
clear  that  thi»  ceutrifugid  force  is  not  equul  U|ton  the  earth's 
surface,  but  must  be  as  the  distances  from  the  earth's  axis; 
ooDsequcntly,  it  is  at  its  mimmum  at  the  poles,  and  at  its  maximum 
at  tlie  equator. 

This  centrifugal  force  which  is  greatest  at  the  equator,  and  dirai- 
nialies  as  it  approaches  the  poles,  acts  against  gravity,  and  lessens 
its  iuteusity-  We  may  easily  compnte  the  amount  of  velocity  with 
nrhich  the  earth  must  rotate  on  its  axisj  m  order  that  the  centrifugal 
force  engendered  at  the  equator  may  fully  counteract  the  effect 
of  gravity. 

The   apparatus  represented  at    Fig.  138,    is   particularly   well 
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calculated 


for  expenmonta 
concerning  the  centrifugal 
force.  We  will,  however, 
Urait  ourselves  to  one  expe- 
riment, explaining  the  flat- 
tening of  the  earth  at  the 
poles. 

By  help  of  the  handle  m, 
the  horizontal  disc  below  it 
is  made  to  i*evolve.  Tlie 
rotation  of  the  disc  is  trans- 
mitted by  the  thread  d  to  another  disc  of  a  smaller  radius.  I 
will  of  course  be  evident  that  the  smaller  disc  must  make  more 
revolutions  than  the  larger  one  in  the  same  period  of  time,  these 
bearing  the  same  relation  to  each  other  as  the  radii  of  the  two 
discs.  Tlie  vertical  axis  c  fastened  in  the  middle  of  the  smaller 
disc  turns  nith  it.  A  spring  a  b  fastimed  by  its  lower  end  to  the 
axis,  but  admitting  of  its  other  extremity  being  freely  moved  up 
and  down,  and  which  in  a  state  of  rest  forms  a  sphcric^il  figure, 
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will  by  rapid   revolution  assume  an  elliptical  form,    owiiia;  to  iht 
centrifugal   force  acting  with    the  greatest  intensity    upon  those/ 
points  of  the  spnug  that  are  the  fiu*t!ic8t  removed  from  the  axis,  / 
Of  the  Pendulum. — The  common  pendulum  consists  of  a  h«wy 

ball  suspended  to  the  end  of  a  flexi- 
ble thread.  If  we  disturb  the  equili- 
brium of  the  pendulum,  that  is  if  w« 
remove  it  from  its  vertical  position, 
it  vn\\y  when  left  to  itself  nnd  without 
receiving  any  impulse,  continue  to 
oscillate  in  a  vertical  plane.  If  we 
bring  the  pendulum  into  the  position 
/  Of  the  ball  will  describe  an  arc  a  /, 
reaching  /  with  such  velocity  as  to  be 
carried  forward  as  high  as  h  on  the 
other  side,  that  is  to  say  to  the  elevation  of  the  point  a;  from  A, 
the  pendulum  again  traverses  in  a  reversed  direction  the  arc  A  /  a, 
and  ill  this  manner  continues  its  uscdlatifms.  The  velocity  of  the 
pendulum  constantly  increases  with  its  descent  and  diminishes  with 
'ta  ascent;  at  the  moment,  therefore^  in  which  the  pendulum 
passes  the  point  of  equilibrium  it  has  attained  its  greatest  velocity. 
The  motion  from  //  to  b,  or  from  /;  to  n  is  termed  an  osciiiation, 
from  a  to  /  is  a  semi-descending  oscillation,  from  I  to  b  h  semi- 
ascending  oscillation. 

The  amplitude  of  an  oscillation  is  the  magnitude  of  the  arc  a  A 
expressed  in  degrees,  minutes,  and  seconds. 

Tlic  time  of  an  oscillation  is  the  time  necessary  for  the  pendulum 
to  tniverse  this  arc. 

At  the  first  glance  wc  might  conclude  from  this  experiment  that 
the  motions  of  a  pendulum  must  always  continue,  for  if  starting 
from  a  it  be  borne  up  to  an  equal  height  b  on  the  other  side, 
it  nuist,  starling  from  b  also  ascend  to  a,  and  thus  continue  the 
same  course,  a  second,  third,  and  fourth  time,  and  thus  on  to 
eternity. 

This  deduction  would  be  perfectly  correct,  if  b  were  absolutely 
at  an  ccpial  elevation  with  a  ;  but  the  friction  at  the  jwnnt  of 
suspension  /,  and  the  resistance  of  the  air  that  must  be  displaced 
by  the  ball,  hinder  the  latter  from  ascending  exactly  to  the  same 
height  from  which  it  descended.  This  diflfereucc  becomes  only 
appreciable  after  a  aeries  of  oscillations,  and  instead  of  wondering  ■ 
that  the  motion  docs  not  continue  for  ever,  wc  ought  rather  to  be 
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BOTprised  that  it  last«  ao  long,  for  a  pendulum  cao  go  on  oaciUating 
for  hours  together. 

Laws  of  the  oscillatiojis  of  the  Pendulum, — The  laws  of  the 
OBCiUatious  of  suupte  pendulums,  are  as  follows : 

1.  The  duration  of  the  oscillation  is  independent  of  the  weight 
the  ball  and  the  nature  of  its  substance. 

To  prove  this,  we  must  constnict  several  pendulums  of  equal 
latgtb,  the  ball  of  one  being  of  metal,  of  another  wax*  of  a  third 
woody  &c.,  and  we  shall  then  find  that  all  have  equal  durations  of 
oscillation. 

VThen  gravity  makes  a  pendulum  oscillate,  it  acts  upon  every 
atom  of  the  matter  composing  the  ball ;  each  atom  of  the  ball  is 
acted  upon  by  its  own  gravity,  and  consequently  an  increase  of  the 
atoms  can  have  no  influence  on  the  velocity  of  the  oscillations.  If 
we  could  suspend  a  single  atom  of  iron  to  a  thread  devoid  of  weight| 
it  must  oscillate  just  ns  fast  as  if  we  attached  to  it  two  or  three 
atoms^  or  even  a  ball  of  iron.  Gravity,  however,  might  act  other- 
wise upon  a  molecule  of  wax  than  upon  a  molecule  of  iron. 
That  it  does  not  do  so,  that  gravity  acts  alike  on  a  molecule  of 
gold,  platinum,  wax,  iron,  &c.,  is  proved  by  the  experiment  with 
the  pendulum.  The  already  mentioned  experiment  on  falling  in 
a  tacuum  is  but  a  rough  illustration  of  the  fact,  as  we  have  only 
to  observe  the  action  of  gravity  during  an  extremely  short  period 
of  time.  The  pendulum,  however,  enables  us  to  watch  the  intiuence 
of  gravity  upon  different  bodies  during  many  hours  together. 

2.  The  duration  of  small  oscillations  of  the  same  pendulum  is 
independent  of  their  magnitude.  If,  for  example,  a  pendulum 
vibrates  4— 5^^  the  duration  of  the  oscillation  is  the  same  as  if  it 
vibrated  only  P. 

This  law  may  be  thus  developed.  If  the  angle  of  deviation  be 
not  too  large,  the  inclination  of  the 
course  towards  the  horizon  will  be  pro- 
portionate to  the  distance  from  the 
point  of  equilibrium.  If  we  suppose  a 
tangent  drawn  at  c  to  the  arc  of  the 
circle,  it  will  form  nn  angle  with  the 
horizon  twice  as  great  as  the  angle  made 
with  the  horizon  by  the  tangent  at  c', 
provided  the  arc  c'  a  be  half  as  great  aa 
the  arc  c  a.  If,  thcrtforc,  the  pendu- 
lum begin  its  motion    at  c,  the  acce- 
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Icrikting  force  is  twice  as  great  as  when  it  begins  its  descent  from 
& ;  the  ivrc  c  d  which  we  will  assume  to  be  ho  &mal1  that  it  luny  be 
considert'd  «  titraisht  line,  and  the  arc  c'  d'  only  half  the  size,  will^ 
therefore,  be  traversed  in  an  t'qual  period  of  time,  if  motion  iMrgin 
at  one  time  in  c,  and  at  another  in  r*. 

If  we  suppose  two  equal  pendulums  suspended  to  an  axis,  the 
one  raised  to  c^  the  other  to  &,  and  both  going  off  simultaiieously, 
they  will  reach  the  points  rf,  and  d'  at  the  same  time.  But  the 
accelerating  force  at  d  is  twice  as  great  as  that  at  d\  besides  which 
the  pendulum  reaches  a  point  d  with  twice  as  great  a  velocity  as 
that  with  which  the  other  passes  tlie  point  d'^  and  hence  it  fol1ow>, 
that  also  in  the  next  nhort  intenal  of  time,  the  one  pendulum  will 
have  traversed  twice  as  much  space  as  the  other.  IJy  pursuing 
this  mode  of  deduction,  we  at  last  find  that  both  pendulums  must 
arrive  simultaneously  at  a. 

This  n'asoning  may  also  be  applied  if  the  relation  of  the 
angle  of  deviation  be  not  exactly  between  1 — ^2",  since  the  acce- 
lerating force  is  always  proportionate  to  the  distance  from  the 
position  of  wpiilibrium  for  small  angles  of  deviation;  and  thus  it 
may  generally  be  proved,  that  within  certain  limits  the  deviation 
of  the  osedlation  is  independent  of  the  magnitude  of  the  angle  of 
deviation. 

In  order  to  confirm  this  law  by  exp<Timetit,  we  must  accurately 
determine  the  time  necessary  for  a  pendulum  to  make  several 
hundred  oscillations.  , 

If  this  observation   be   made  at  the  beginning  of  the  motion,  ■ 
when  the  amplitude  is  4 — 5'',  subsequently  when  it  only  amoants  ^ 
to   2 — 3" ;    and    lastly   when    the    oscillations   have   become   ao 
small  as  to  require  the  aid  of  the  lens   for  detecting  them,  we 
shall  find  that    the    oscillations  arc    truly  isochronous   at   these 
three  stages. 

3.  The  durations  of  the  oscillations  of  two  pendulums  of 
unequal  length  arc  as  the  square  roots  of  the  lengths  of  the 
pendulums. 

We  must  suppose  the  arc  n  b  described  by  the  oscillation  of  a 
pendulum  to  be  divided  into  so  many  jiarts  that  each  division  may 
be  considered  as  a  straight  line.  If  now  the  angle  of  deviation  of 
a  longer  pendulum  is  equally  large,  the  arc  of  oscillation  r  d  nnist 
be  to  the  arc  of  oscillation  fl  ^  as  the  lengths  of  the  jKmdulums  to 
each  other.  If  we  supjiose  the  arc  d  cXo  be  divided  in  an  equal 
numlicr  of  parts  as  the  arc  a  A,  these  separate  parts  will  be  to  each 
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other  as  the  Ien|E:th9  of  the  pendulums.  If, 
therefore,  one  ju'iiduluni  be  four  times  longer 
than  the  other,  the  subdinsions  of  the  arc  d  c 
will  also  be  four  times  larger  than  those  corres- 
|K)nding  divisions  of  the  arc  a  b.  The  a.aglcs 
made  with  the  horizon  by  the  first,  second,  and 
third  divisions  of  the  arc  a  Zf,  are  cquid  to  the 
anglc8  made  with  the  horizon  by  the  first, 
second,  and  third  divisions  of  the  arc  c  rf;  the 
accelerating  force  is,  therefore,  also  the  same 
OB  the  corresponding  part*  of  a  b  and  c  d. 

But  if  different    spaces   be  traversed  with    equal   accelerating 

forces,  we  know  from  the  formula  «  ^  ^  t^t    that    the    timca    of 

falling  are  as  the  square  roots  of  the  spaces,  if,  therefore,  each  of 
ihe  parts  of  c  d  were  two,  three,  or  four  times  as  large  as  the 
corresponding  divisions  of  a  b,  the  time  in  which  a  division  of  c  rf 
be  traversed,  must  also  be  v'X,  v^3,  v^4,  v^n  times  us  long 
the  period  occupied  in  traversing  the  corresponding  portions  of 
a  b.  But  as  this  is  true  of  all  the  parts,  bo  it  is  also  true  of  their 
snms,  or  in  other  words,  the  duration  of  the  oscillation  is  propor- 
tionate to  the  square  root  of  the  length  of  the  pendulum. 

In  order  to  confirm  the  accuracy  of  this  third  law  by  experiment, 
we  will  take  three  pendulums  of  different  lengths.  If,  for  instance, 
#io.  142.  the  len_L:ths  are  as  the  numbtrs  1,  4-,  9,  the  corres- 
ponding times  of  oscillation  will  be  as  tbe  numbers 
1,  2,  3.  The  most  convenient  mode  of  exemplifjnng 
this,  is  by  attaching  the  balls  to  a  double  thread  aa 
seen  in  the  accompanying  figure.  Wiile  a  ]>cndubxm, 
four  feet  in  length  makes  one  oscillation,  the  pendulum 
which  is  four  times  smaller  than  the  former  makes  two 
oscillations,  and  whilst  a  pendulum,  one  foot  in  length 
moves  thi"ee  times  backwards  and  foi-wards,  another, 
nine  feet  long  will  only  make  one  backward  and  for- 
ward motion. 

The  length  of  a  simple  pendulum  oscillating  seconds, 
is  994  millimetres ;  if,  therefore,  the  length  of  a  second's  pendulum 
had  been  taken  as  the  unit  of  length,  it  would  have  deviated  but 
little  from  the  metre. 

Quantity  of  Motion. — Most  forces  that  set  bodies  in  motion  act 
only  directly  upon  a  small  portion  of  the  molecides  composing  the 
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body,  ill  striking  a  billiard-ball  we  only  touch  a  few  points  of 
the  surface.  If  the  wind  drive  a  ship,  it  only  presses  upon  the 
sails,  and  when  a  ball  is  discharged  by  powder,  the  gases  which 
give  the  impulse  on  being  liberated^  press  only  upon  half  the 
surface  of  the  ball.  Notwithstanding  this,  all  parts  of  the  body 
move,  whether  they  be  directly  acted  upon  or  uot.  Motion  most, 
therefore,  be  uniformly  distrib\itcd  to  all  the  molecules,  as  ail 
move  simultaneously.  The  molecules  directly  struck,  impart  an 
impulse  to  those  nearest  them,  and  so  on,  until  the  whole  mass  is 
set  in  motion.  A  certain,  although  inappreciably  small  portion  of 
time  is  necessary  for  the  transmission  of  motion  from  one  molecule 
to  the  whole  mass. 

If  a  force  act  \ipon  a  body,  it  will  have  produced  its  effect  as 
soon  as  motion  has  been  distributed  to  all  portions  of  the  mass, 
and  these  latter  move  with  a  common  velocity,  the  force  being 
then  transferred,  as  it  were,  to  the  body,  and  difiTused  through  it. 

If,  therefore,  u  body  be  projected  by  the  baud,  by  the  release 
of  a  spring,  by  a  quick  push,  or  by  means  of  a  sudden  explosion, 
it  will  continue  to  move  on  after  the  force  has  ceased  to  act  upon 
it.  If  nothing  were  to  oppose  it  in  its  course,  neither  air,  water, 
nor  any  other  body,  and  if  no  force  whatever  were  acting  upon  it, 
it  would  move  in  the  direction  of  the  first  impulse  with  uniform 
velocity  after  a  hundred  years  in  the  same  manner  that  it  did  after 
the  first  second.  We  may  say  that  the  activity  of  such  a  body  is 
momentary,  while  its  effect  lasts  for  ever. 

Tlius  the  body  to  a  certain  extent  absorbs  the  force  acting  upon 
it,  and  we  can,  therefore,  easily  understand  how  the  same  force 
acting  upon  different  bodies  most  call  forth  very  different 
motions. 

A  quantity  of  {>owder,  sufEcient  to  discharge  a  musket-ball, 
would  scarcely  raise  a  bomb ;  while  a  bow  capable  of  sending  a 
light  arrow  to  a  great  distance,  would  not  be  able  to  send  off  a 
heavy  one  with  as  much  speed*  We  say  commonly  that  the 
gravity  of  the  body  gives  rise  to  this  difference,  but  this  is  an 
incorrect  assertion,  since  wc  might  be  erroneously  led  to  conclude 
that  ii*  a  body  were  to  cease  to  be  heavy,  the  same  force  would 
move  fill  bodies  with  cquid  velocity.  Let  us  suppose,  for  a  moment, 
that  bodies  arc  without  gravity,  and  assimie  that  there  is  no  air 
present,  (»r  other  hinderancc  of  motion ;  the  musket  ball  would 
still  Ije  urgnl  on  faster  than  the  hfjmb,  Wjiuse  the  wuuc  force 
must  produce  a  degree  of  speed,  smaller  in  proportion  &»  the  ma^s 
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of  matter  to  be  moved  increases  in  size.     It  ia  unc  of  the  funda- 

mrntal  principles  of  machines,  thai  the  same  force,  acting  upon 

afferent  hodien,  impnrtt  to  them  a  velocity  invrrtely  proportionate 

to  their  viatses .-  that  is  to  say^  in  an  inverse  ratio  to  the  quantities  of 

matter  emnponiny   them.     If,  therefore,  the  same  fore*;  flischHrjG;cd 

01   succession   leaden    balls,  whose  volume*,    and  likewise  whtxte 

iuaitaeH  were  as  the  numbers  1,  2,  3,  4,  &;c.,  it  would   impait  to 

them  the   velocities    1,  \y  ^,  |,  &c.,  so   that  a  mass   ten  times 

krger  would  only  have  Virth  the  velocity.     On  nniltiplying  each  of 

these  maases  with  its  velocity,  we  always  obtain  the  same  product 

for   the   first    1x1=1    for   the    second   2  x  i  =  1,  &c.     The 

quantity  thus  obtained  by  multipKnnp  a  Iwdy   by  its  velocity  is 

termed  qttantity  of  motion.     The  same  force  also  produces  always 

the  same  quantity  of  motion  on  whatever  body  it  acts. 

In  order  to  obtain  a  clear  idea  of  the  mode  of  action  of  various 
machines,  wc  must  compare  the  quantity  of  motion,  which  the 
applied  force  is  capable  of  producing  with  the  effect  obtained  by 
means  of  the  machme.  It  would  be  a  vulgar  error  to  regard  a 
machine  as  a  source  of  force,  or  to  believe  that  the  quantity  of 
motion  could  be  increased  by  machinery.  By  machines  the  nature 
of  the  motion  is  aimphj  changed^  without  its  quantity  being  in  the 
least  increased  thereby. 

A  weight  of  twenty-five  pounds  may  be  easily  lifted  two  feet  and 
a  half  in  a  second,  by  means  of  a  rope  swung  round  a  simple 
pulley.     But   if  the  rope,  pulled  by  the  workman,  were  passed 

round  a  wheel,  (Fig.  143)  and  the  load 
attached  to  an  axle  of  four  times  smaller 
diameter,  a  fourfold  larger  weight 
might  be  raised  by  an  equal  afiplication 
of  force,  although  with  a  speed  four 
times  smaller.  If  we  examine  the 
mode  of  action  of  other  machines,  aa 
the  screw,  the  pidlcys  of  various  wheel 
works,  we  shall  always  attain  to  the 
same  residt,  viz.  that  what  wc  gain  on 
the  one  side  in  force,  wc  lose  on  the  other  in  speed,  and  that 
eonsequently  the  quantity  of  motion  is  not  at  all  increased  by 
machines. 

If  a  body  in  motion  come  into  contact  with  another  at  rest,  but 
which  IB  easily  moved,  it  will  impart  to  the  latter  a  portion  of  its 
motion  ;  but  the  total  quantity   of  motion  is  not  thereby  altered ; 
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and  if  the  stzikiB^  ^"^  nboHMl  id  oonsequeuce  of  dastiotTj  nA 
the  mipfibe  vcre  cealnlK-  apfififid,  both  bodies  wiU  move  on  in 
Uke  same  direcCion  after  annmp  mto  contact.     If  tbe  mass  uf  tk 
body  aX  rest  be  eqoal  to  that  of  the  one  striking  it^  the  speed  of 
motion  idU  be  diminished  to  the  half  after  contact,  as  the  msai 
baa  been  doubled.     From  thia  we  may  easily  sec  that  in  order  to 
find  tbe  relation  of  the  speed  before  contact,  to  that  of  the  speed 
subsequently  manifested;  we  have  only  to  divide  the  mass  of  the 
btnly  moved  by  tbe  auma  of  tbe  ma.<sc*  of  the  body  moved,  and 
tbe  body  ul  rest.     If,  fur  instaiict%  a  musket  ball  of  Vir  lb.  were  to 
fttrike,  with  a  speed  of  1300  feet  in  a  second,  a  ball   of  48  lb«.  at 
rrst,    but    ousily   iiiovenblo   and    suspended    to    a   long    line,  the 
(SMimiun  speed  after  tbe  blow  would  be  to  1300  as  Vw  ia  to  48+Vb, 

1300 
or  as  1  to  961  ;  that  is,  it  would  U-  only  about  -^-tt  or  about  IJ 

feel  in  a  second. 

It'  H  Himilur  musket  ball  were  to  strike  against  a  large  block  of 
wtouc  or  a  n»ek,  it  would  also  impart  a  motion  to  it,  but  tbe  speed 
vvinild  be  vrry  iiicoiisidcraijK-  ;  for,  if  tbe  bUnrk  of  stone  were 
ftlH>  Ibv,,  tbe  eouiinon  speed  after  tbe  contact  as  may  easily  be 
rcfkitued,  would  be  only  one  inch  in  the  second.  But  friction,  ■ 
h»»wever,  soon  destroys  this  motion  which  by  decrees  ilistributcs  f 
ii'trlf  ttt  111)  n(i«;blK)uring  bodies,  and  finally  to  the  whole  earth, 
HUil  tbuN  rutirriy  disappears. 

Motion^  tbcrcfore,  distributes  itself  to  other  bodies,  but  is  n< 
bwl.      If  it   nfipnir   wholly   destroyed,  the   reason    is,  that   by 
Krudiml  dintribulion   to  other    bodies,   it   finally   becomes   impcT' 
iNp|itJbw,     Motion  is  nec(!ssary  to  destroy  motion ;  resistance  onljj 

i"t.  i«  wilhont  di'Mtmying  it. 

\matrriai)  Pendulum. — Tbe  above  developed  laws  B|9^ly 
*liUM|^v  "iveiiking  only  to  an  ideal  pendulum.  Such  a  pendu- 
WIM  \^iN  iiiny  conceive,  but  we  cannttt  eonstrtict,  for  it  must 
'^****^*'  uf  H  iiimple  thread  devoid  of  all  weight,  and  having  at  its 
v\««yM^I^V  »»uly  11  bea\7  point. 

WVv*>  Vruduhitn  not  corresponding  with  both  these  condition* 
t4  %  Vv^Aviiutuiid  pfiidulum.     An  iufiexible  rod  devoid  of  weight  on 
Wfi%  <Mw  %\\\\  hea^y  molecides,  m  and  n  would  consequently 
""^*^" *  ^'  udulum. 

t«»  nearer  to  the  point  of  suspension  than  ?*,  has  a 
"    X dilute  moi*c  rapidly,    but  as   both   molecules  are 
-   ^vU   hasten  the  motion  of  h,  and  conversely  n 
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retard  that  of  m ;  the  vibrations  will  on  that 
account  move  with  a  velocity  varying  between 
the  dejrrces  of  velocity  with  which  each  of  the 
rnok-ciiles  m  and  n  would  oscillate  alone.  They 
are  equal  to  the  oscillations  of  a  simple  pendu- 
lum longer  than  fm,  and  shorter  than  /  n. 
/\  \  It  is  the  same  with  cvei-y  material  pendidum. 
j  '■  Those  parts  lying  nearest  the  central  point  of 
\  vibration  in  tlic  pendulum  have  their  motion 
-i  retaided  by  the  most  remote,  while  the  latter 
arc  accelerated  by  the  parts  most  contiguous 
to  the  poii»t  of  HUHpension.  Tliere  must  consequently  be  a  point 
in  every  compound  p<^ndulum,  which  is  not  acted  ui>on  by  the 
rest  of  the  mass  of  the  pendidum,  vibrating  exactly  as  fast  as  a 
simple  pendulum,  whose  length  is  equal  to  its  distance  fn>m  the 
|K>int  of  suspension.  This  is  called  the  centre  of  oscillation.  If 
wc  ftpeak  of  the  length  of  a  compound  pendulum,  we  understand 
by  the  term  the  ditrtance  of  thi«  point  from  the  point  of  suspension, 
or  what  is  the  same  thing,  the  length  of  a  simple  pendulum  of  an 
equal  time  of  oscillation. 

A  pendtdum  consisting  of  a  fine  thread  at  whose  lower  end  a 
ball,  or  a  double  cone,  of  a  substance  of  great  specilie  gravity  is 
attached,  approaches  most  nearly  to  the  simple  pendulum.  If  the 
thread  be  somewhat  long,  and  the  diameter  of  the  ball  somewhat 
BDiall  in  ]>roportion  to  the  length  of  the  pendulum,  we  may  without 
any  serious  error  take  the  centre  of  gravity  of  the  ball  im  the  point 
of  oscillation  of  the  pendulum,  or  in  other  words,  we  may  take 
cueh  a  pendulum  for  a  simple  one. 

In  every  actual  pendulum,  however,  which  differe  more  consi- 
derably from  the  form  of  a  simple  peudulum  ;  the  centre  of 
gravity  is  by  no  means  the  centre  of  oscillation ;  it  is  in  most  cases 
difficult  problem  to  ascertain  by  calculation  where  the  centre  of 
iUatiou  lies  in  an  actual  pendulum,  because  in  a  computation  of 
this  kind,  we  most  not  only  have  regard  to  the  accelerating  force 
of  gravity  of  the  individual  points  lyiug  at  different  distances  from 
the  point  of  suspension,  but  also  to  the  resistanee  opposed  to  au 
aecrleraliun  of  motion  owing  to  the  inertia  of  their  mass. 

The  simplest  way  of  seeing  that  the  centre  of  oscillation  of  an 
actual  pendulum  cannot  coincide  with  its  centre  of  gravity  is  by 
ubter\'ing  a  pendxdnm  in  which  a  portion  of  the  mass  lies  above  the 
fmtnt  of  suspension.    Such  a  pendulum  vibrat<:s  considerably  slower 
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thwj  it   would  do.  if  its  centre   of  gravity   were  the  centre  of 
uscillfttion.  ■ 

Fig.  145  rcpreaentsi  an  evenly  divided  rod  provided  in  the  nnddle 
Tin.  145.    w-ith  an  etlge  similar  to  what  forms  the   fulcrum  of  the 
■        beam  of  a  balance.     If  now  we  fasten  a  leaden  ma— 
1        weighing  two  pounds,  one  decimetre  above,  aud  another 
J        of  the  same  weif;ht   equutlv  far  below   this  edge,  and 
place  die  edge  upright  on  it«  support,  the  rod  with  itsA 
weights  will  be  in  a  condition  of  indifferent  equilibrium, 
for  the  centre  of  gravity    of   the  system    correspond* 
with  the  fulcrum ;   as    soon,  however,  as  we  attach  a 
small  extra  weight  to  the  lower  end  of  the  rod,  thev 
whole  becomes  a  pendulum.     But  the  oscillations  off 
this  pendulum  are  much  slower  than  those  of  a  simple 
l"('iiJulum  of  the  length  a  b,    for  the  only  force  that  m 
-<  t  -  the  whole  system  in  motion  is  the  gravity  of  the  I 
lower  leaden  weight ;   this,  however,  has   not   only  its 
own  moss  to  move,  but  also  the  masses  of  the  weights 
at  e  and  d. 

We  thus  easily  perceive  why  the  beam  of  a  balance,  which  may 
be  considered  as  a  |>eudulumj  vibrates  so  slowly,  although  its  centre 
of  gravity  is  close  to  the  point  of  suspension,  and  why  it  must 
vibrate  very  rapidly  if  the  centre  of  gravity  were  really  the  centre 
of  oscillation. 

7i^  Pemluium  dock. — The  most  important  application  of  the 
pcndulinii  is  for  the  regulation  of  clocks.  Every  clock  must  have 
an  nrcek'rating  Force  to  ])roduce  and  maintain  motion.  From 
wimt  has  been  said,  however,  concerning  accelerating  forces,  it  is 
evident,  that  if  some  other  equal  force,  or  hindrrancc  of  motion 
do  not  oppose  the  accelerating  force,  motion  cannot  remain  uniform, 
but  will  become  faster  and  faster  as  in  a  falling  body.  In  our 
large  upright  clocks,  this  accelerating  force  is  prwhicerl  by  weights, 
hung  to  a  line  passed  round  an  horizontal  axle.  If  the  weight  be 
drawn  down  by  its  gravity,  the  axle  will  be  turned  by  the  line,  and 
the  wh(»le  imichinery  set  in  motion.  But  the  motion  of  a  falling 
weight  is  nn  acceloruting  one,  consequently  the  check  must  at 
first  go  slowly,  then  more  and  more  quickly,  unless  its  course 
were  regulated,  mul  this  regulation  is  effected  by  means  of  the 
pendulum. 

Kig.  14^1  exhibits  the  manner  in  which  the  pendulum  regulates 
the  going  of  a  clock.     A   toothed  wheel  is  fastened  to  the  avis  to 
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"0-  I****-  which  the  line  with  the  weight 

IB  Attached.  The  axis,  round 
which  the  pendulum  vibrates  is 
above  this  wheel,  and  to  thia 
axis  is  Bccnred  a  beam  a  b, 
which  catches  the  teeth  of  the 
wheel  on  either  Hide.  The 
fi^irc  represents  the  pendulum 
in  the  position,  where  it  is  at 
the  extreme  left  aide.  The 
wheel  is  turned  by  the  weight 
in  the  direction  of  the  arrow, 
but  cannot  go  on,  having  the 
tooth  1  held  by  the  tooth  f/  of 
the  lever ;  as  soon,  however,  ua 
the  pendulum  vibrates  back 
again,  6  rises,  and  the  tooth  1 
is  gufFcred  to  pass,  but  the 
motion  of  the  wheel  is  again 
immediately  arrested,  because 
the  tooth  a  at  the  other  end  of 
the  lever  now  descends,  pressing 
against  the  tooth  2  of  the  wheel  \ 
thus  the  wheel  can  move  one 
tooth  at  every  oscillation,  and 
the  same  every  time  the  pendu- 
lum returns,  and  thus  the 
motion  of  the  wheel  is  i-egulatcd 
by  the  movements  of  the  pen- 
dulum.    Such  a  contrivance  is  called  an  escapetnerU. 

In  watches,  the  weight  is  replaced  by  a  tensely  drawn  steel 
spring,  and  the  pendulum  by  a  fine  spring  vibrating,  ow4ng 
to  its  elasticity  round  its  point  of  equilibiium.  Clocks  made 
in  Paris,  and  which  there  went  quite  well,  were  found  to  loose 
when  brought  near  the  equator,  so  that  it  was  ncccssar)'  to  shorten 
their  pendulums.  Hence  it  follows  that  the  same  pendulum  goes 
more  slowly  at  the  equator  than  near  the  poles,  and  consequently 
that  the  action  of  gravity  is  less  at  the  equator  than  at  the  poles. 
This  is  owing  to  two  causes;  first  the  flattening  of  the  earth,  and 
secondly  the  centrifugal  force  produced  by  its  rotation  round  its 
axis,  and  which  i.s  stronger  at  the  equator. 


JCuj> 


144 


IHFEDIlTEVTa    TO    VDTION. 


Impediments  to  Motion, — A  resistance  already  often  spokea  of, 
and  which  cxerrifira  a  ronsidorablc  intiuencc  apon  almost  all 
motions,  is  friction.  In  order  to  proiK"!  a  load  of  moderate  size 
uUtug  a  horizuutal  plane,  a  considerable  application  uf  force  is 
necessary  arising  entirely  from  the  resistance  of  friction.  If  the 
plane,  on  which  the  mass  is  to  be  propelled,  as  well  as  the  under 
surface  of  the  load,  be  perfectly  hard  and  smooth,  (which  is 
never  the  case  in  nature)  the  smallest  force  might  set  a  very  larpe 
mass  in  motion,  and  once  impelled,  the  load  would  move  on  wi 
uniform  speed  on  the  horizontal  plane. 

Friction  arines  incontcstibly   from   the  elevations  of  one  of  the 
surfaces,  entering  into   the  depressions   of  the    latter.      If 
motion  is  to  occur,  the  pnijecting  parts  must  be  torn  away 
the  mass  of  the  body,  or  the  one  body  must  be  continually  liftn 
o\er  the  inequalities  of  the  other.     The  first  oecure  if  one  or  both 
the  rubbing  surfaces  arc  very  rough.     If,  however,  the  rubbmg 
Hurfiiccs  can  possibly  be  smoothed,  the  last  named  mode  of  ac 
almost  exclusively  takes  place. 

T\\c  accompanying  tigurc  may  serve  to  explain  the  manner 

which  resistance  to  motion  arises^ 
if  a  btnly  nmst  be  lifted  over 
small  inequalities.  The  lifting 
the  body  A  is  effected  by  raisi 
the  lowest  points  of  the  projectioi 
of  A  to  the  summit  of  the  inequa- 
*  lities  of  the  under  layer,  whence 
they  must  again  slide  down,  and 
the  same  raising  nnd  lowering  be  repeated.  The  resistance 
opposed  here  by  A  In  the  niolioUj  is  no  other  than  what  must  be 
overcome  lu  draw  it  up  un  entirely  smooth  inclined  plane. 

If  this  i-icw  of  friction  be  correct,  the  laws  relating  to  it  mi 
admit  of  lw?ing  proved  by  experiment. 

In  order  to  overcome  friction  we  must,  exactly  as  in  dra^ 
the  body  up  an  inclined  plane,  apply  a  force  eciual  to  un  aliqu< 
part  of  the  load.     The  number  that  gives  the  relation  of  the  foi 
to  the  weight  is  termed  the  co-efficieiii  of  friction.     It  naturally 

surfaces,  and  can  be 


no.  147. 


tver      j 
od^^ 


•penas  upon 
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dcternuned  by  expei'inient. 

If,  for  instance,  we  would   propel  a  load  of  one  cwt.  upon 
fhoiizonlal  layer  of  iron  (on  the  line  of  a  raili*oad  for  instance), 
if  (he  under  surface  of  the  tmck  were  alno  iron,  a  force  of  27,7  II 
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would  be  necessary,  that  is  to  say  the  same  expenditure  of  force 
that  would  be  requisite  for  lifting  27,7  lbs.  vertically  up,  Whea 
iron  rubs  on  iron,  the  resiBtance  of  friction  is  as  we  see  27,7  }>er 
cent,  and  the  coefficient  of  friction  in  this  case  is  0,277.  In  order 
to  ascertain  the  coefficient  of  friction  for  different  bodies,  we  may 
make  use  of  an  apparatus  as  seen  at  Fig.  10.  The  board  R  S  in 
placed  in  a  honzontal  position.  Suppose  this  board  to  be  of  oak, 
we  lay  a  block  of  oak  upon  it,  whose  under  surface  must  also  be 
well  planed,  weiphing  1000  grammes;  a  line  is  attached  to  this 
block  of  oak,  and  passed  round  a  pulley  as  in  the  exprrimcnts  of 
the  inclined  plane,  earryhig  a  light  scale-pan.  This  latter  will  not 
be  sufficient  to  produce  motion,  which  will  not  begin  before  the 
weight  of  the  scale  pan,  and  of  the  weights  together  amoiukt  to 
418  grammes.  We  obtain  by  this  ex|MTinu.*nt  the  coefficient  of 
friction  of  oak  upon  oak,  and  tind  them  to  be  0,4-18. 

If  we  alter  the  substance  of  the  body  to  be  moved,  as  well  as  of 
the  body  supporting  it,  we  may  ascertain  the  coefficient  of  friction 
of  different  bodies.  Tlie  following  table  contains  some  of  the  most 
practically  important  coefficients  of  friction. 


Iron  upon  iron 
Iron  upon  brass 
Iron  upon  copper 

Oak  upon  oak 

Oak  upon  pine 
Pine  upon  pine 


0,277 

0,263 

0,170 
418  = 
273  -h 

0,667 

4,562 


{o: 


The  resistance  of  friction  may  be  diminished  by  the  application 
of  well  chosen  oleaginous  substances.  Oil  h  the  best  for  metal^ 
white  tallow  answers  best  for  wood. 

In  woods  it  is  by  no  means  a  matter  of  indifference  which  way 
the  fibres  run ;  friction  is  nmch  less  considerable  where  they  run 
across  (  +  )  than  where  they  arc  parallel  (=). 

From  what  has  been  said,  it  is  directly  shown  that  friction  is 
always  pn)portionate  to  the  weight.  If,  for  instance,  in  the  above 
experiment  we  had  taken  a  block  of  oak  weighing  2000  grammes, 
we  should  have  had  to  attach  836  grammes  to  the  rope,  in  order 
to  overcome  the  friction.  • 

The  size  of  the  surface  in  contact  cannot,  according  to  the  above 
views,  exert  any  influence  on  the  amount  of  friction  ;  this  may  be 
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\wien\  surfaces  of  <fiflerent  ««,  no 

rewtlt,  whichever  surface  of  the  blo^ 

The  above  dcacribed  kind  of  frictioa  m  Uxmul  tK£nj  Jrittigm, 
in  order  to  diatingnidi  it  firom  the  rgOmgJrvti^,  which  wr  procted 
to  coniidcr  more  attentively. 

Sliding  friction  always  occurs  where  pics  or  axes  revolrc  in  their 
•opporU ;  in  order  the  better  to  take  into  aceoimt  the  eiieet  of 
friction  in  thia  eaac,  we  need  only  eooaideT  thsc  it  acta  pndady 
like  a  correapooding  wei^t  foapended  to  a  string  fiti  nmnd  die 
aamc  axle.  Let  as  by  way  of  iBoatratioa  caaniiie  the  e&ct  of 
friction  on  tba  windbss.     Let  the  weight  cf  tbe  a^  with  ewy 

thing  that  ia  faahmJ  to  tt,  be  aboot 
75  lbs.,  the  atone  to  be  raiaed  100  Ibe., 
and  the  focce  acting  on  the  cir- 
cumference of  the  wheel  be  25  lbs., 
thc^  the  combined  preaaore  sos- 
tained  by  the  props  of  the  axle,  will 
L  M^^jil        *S^        be  75  +  100  -f  25  =  200  Iba,      If 

■^  W^^^L         ^F  A ^       ^^^  props  be  of  brass,  but    the  ci- 
^1  —ifiv     ^F  y  m  \     tremitie*  of  the  axle  be  of  iron,  the 

^H      rT^T^^^^^  ^^     leaistancc    o£    friction      acting    on 
W  ^-^'i3t'  the    cimimference    of    the   end*  of 

I     effect  of  friction  i»,  therefore,  the  same  aa  if  in  place  of  this  w< 
had  passed  ii  linr  rnnnd  the  ends,  in  the  same  direction  as  the  Une^ 
hearing  lh<'  wrinljt,  aittl  had  attached  to  it  a  weight  200x0,263 
or  52,6  11m.,  or  im  if  ihu  load  acting  at  the  circumference  of  the 

axle  hnd  lin'n     J     "r   10,0  lbs.  larger,  provided  that  the  diame-^ 

tera  of  thfi  nul*  wciv  ;  of  that  of  the  axle.  Thus  about  10  per 
cent  of  tlir  ftirn'  np|»li<Ml,  ia  lost  in  this  windlasa,  in  overcoming 
th<t  rcitiMtttiu'i^  of  iVirtion. 

It  now  ruiuaiui  to  noticu  roHwy  friction.    Rolling  friction  occui 
whore  n  round  body,  nn  a  hull,  or  a  cylinder  rolls  along  a  surfftc< 
Here  the  ttupporlioif  under   surface   comes   always  in  contact  witi 
new  points  of  the  rolling  brKly-     The  resistance  that  arises  here  is 
by  far  less  than  the  resistance  of  sliding  friction,  as  may  l>e  seei 
(Voni  the  fallowing  consideration. 

'    w  wiah  to  propel  the  round  body   A    over  the  surface  oi 
„,..wi  il  re«ta,  we  nmst   becrin  by  drawincc  it   to  a  little  iuclint 
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no,  149.  plane  c  /»,  when  its  centi-e  of  gravity 

will  be  raised  aa  much  aa  e  lies  below- 
6.  But  by  roUing  on  the  body  A,  it 
will  turn  round  the  jwijit  fr,  by  which 
its  centre  of  gravity  will  only  be  raised 
from  d  to  e.  The  difference  of  height, 
however,  between  d  and  e,  is  much 
less  than  the  difference  of  height 
between  c  nud  b.  Let  us  suppose  a 
spherical  arc  to  be  drawn  round  the 
central  point  rf,  and  through  the  points 
a  and  b,  the  lowest  point  of  thin  arc  will  be  as  nuich  below  b,  as 
W  ts  below  e.  But  as  the  lowest  point  of  the  arc  a  b  still  lies 
high  above  c,  we  may  easily  understand  that  the  alternate  rising 
and  fulling  of  the  centre  of  gravity,  is  much  less  considerable 
in  rolling  than  in  sliding  friction.  We  also,  however,  perceive 
that  the  resistance  of  friction  depends  mainly  here  upon  the  radius 
of  the  rolling  body.  The  larger  this  radius  is,  the  smaller  will 
he  the  resistance.  In  other  respects,  resistance  is  here  likewise 
proportionate  to  the  load. 

In  the  wheel  of  a  carriage  there  is  rolling  friction  at  the  circum- 
ference of  the  wheel,  but  sliding  friction  at  the  axles.  Both 
rwistanccs  become  smaller  in  proportion  to  the  larger  diameter  of 
the  wheels. 

In  both  kinds  of  friction  adhesion  has  considerable  influence. 
In  a  locomotive,  the  middle  wheels^  the  so  called  driving  wheels 
arc  turned  by  the  force  of  the  steam  engine;  the  whole  carriage 
rolls  on  in  consequence  of  this,  for  if  it  were  to  remain  at  I'cst,  the 
eels  could  not  revolve  withi)ut  the  occurrence  of  a  ccmsidcrable 
ding  friction  betMcen  the  wheels,  and  the  iron  on  which  they 
ran,  whilst  by  rolling  on^the  incomparably  smaller,  rolling  friction 
has  alone  to  be  overcome.  If  a  locomotive  be  attached  to  a 
number  of  carriages,  a  certain  resistance  of  friction  must  be 
overcome  dunng  the  continuance  of  motion^  rolling  friction  at 
the  circumference,  and  sliding  friction  at  the  axles.  All  these 
KBStODces  must  be  overcome  if  the  carriage  is  to  be  drawn 
onward. 

It  ia  evident  that  the  number  of  carriages  attached  might  at 
last  be  so  increased  that  the  locomotive  would  no  longer  ho  able  to 
draw  them  ;  in  this  case,  therefore,  the  wheels  of  the  locomotive 
would  revfjlvc  without  its  being  bonie  forward,  when  the  consider- 
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able  friction  of  the  slidiiig  fnction,  at  the  circainference  of  the 
driving  wheeLsy  would  have  to  be  overcome  by  the  force  of  the 
machine. 

The  train,  therefore,  can  only  proceed  if  the  sum  of  all  the 
resistances  of  friction  of  all  the  carriages  is  smaller  than  the 
resistance  of  the  sliding  friction  from  the  rotation  of  the  driving 
wheels  of  the  locomotive  at  the  circumference  which  would  exist 
were  there  no  forward  motion. 

From  these  considerations,  it  follows,  that  the  load  which  a 
locomotive  is  capable  of  drawing,  depends  not  only  upon  the  force 
of  its  steam  engine,  but  always  upon  its  weight.     If  we  assume 
that  two  locomotives  have  equally  strong  machines,  but  that  the    . 
one  is  heavier  than  the  other,  a  larger  weight  may  be  propelled  by^ 
the  heavier  of  the  two. 
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LAWS   OP   THE   MOTION   OP   LIQUIDS. 


Ip  wc  make  an  opeiiLag  in  the  lateral  wall,  or  the  bottom 
a  vessel  tilled  with  liquid  and  open  nt  the  top^  and  if  the 
ture  thus  made  be  Rinall  in  comparison  with  the  dimensions  of 
le  vessel,  the  liquid  will  How  out  with  a  velocity  whose  intensity 
will  be  in  proportion  to  the  depth  of  the  opening  below  the  surface 
of  the  Uquid.  The  connection  existing  between  the  velocity  of  the 
escaping  liquid,  and  the  height  of  the  pressure  may  be  most  simply 
expressed  in  the  following  manner.  The  velocity  of  the  escaping 
Hquid  is  exactly  as  great  as  the  velocity  a  freely  falling  body  would 
acquire,  if  it  were  to  fall  from  the  surface  of  the  liquid  to  the 
aperture  through  which  the  liquid  escapes. 

This  proposition   is   known   by  the   name  of  the    Toricellian 
theorem.     It  may  be  explained  in  the  following  manner. 

no.  150.  If  the  liquid  layer,  abed  (Fig.  150)  imme- 

diately above  the  opening  a  b,  were  to  fall  down 
without  being  accelerated  by  the  liquid  pressing 
over  it,  it  would  flow  from  the  opening  with 
a  velocity  corresponding  to  the  height  a  c, 
which  we  will  designate  as  h.  This  velocity  ia 
c  =  */  2  g  h.  But  now  the  escaping  stratimi 
is  not  only  accelerated  by  its  own  gravity,  but 
-  by  the  gravity  of  all  the  liquids  pressing  upon  it. 

The  accelerating  force  of  the  gravity  g  is,  consequently,  to  the 
accelerating  force  g*,  actually  propelling  the  liquid  particles,  as  a  c 
i«  to  a  /,  or  as  A  is  to  s  if  the  height  of  pressure  be  designated 
by  s,  that  is 

h:8  =  g:g', 
and,  therefore,  the  accelerating  force  g*  acting  upon  the  liquid 

layer   flowing  out   is  =  "^  *.     But  if  the  accelerating  force  acting 
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ujmn  this  layer  he  (/'  and  not  y,  then  its  velocity  «/ =  \^2<f* hi 
and  if  wc  add  the  value  of  ^'  to  this  vahie  of  c,  we  obtain  as  the 
value  of  the  velocity  of  the  ctjcaping  Hiiid 

But  this  is  the  sauic  velocity  as  that  acquired  by  a  body  fuUiiig 
freely  from  a  height  *. 

Fron»  this  proposition  it  immediately  follows  that : 

1.  The  velocity  of  the  ejfltu:  dejterufv  onhj  vpon  the  depth  of  the 
aperture  below  the  surface^  and  not  upon  the  nature  of  the  liquid. 
At  equal  heights  of  pressure,  water  and  mercurj'  will,  lhcTcft#c, 
tlow  out  with  equal  velocity.  Every  layer  of  mercury  will  certainly 
be  driven  out  by  u  pressure  13,6  times  greater  than  that  acting  on 
water,  but  then  the  mass  of  a  particle  of  mercury  is  13,6  times 
heavier  than  that  of  an  equally  large  jmrticle  of  water. 

2.  The  velocities  of  efflua-  are  as  the  square  roots  of  the  heights  oj 
pressure.  The  water  must,  therefore,  How  with  ten  times  greater 
velocity  from  an  opening  100  centimetres  below  the  level  of  the 
liquid,  than  from  a  depth  of  only  one  centimetre  below  the  same 
level. 

In  order  to  detcnnine  the  velocity  of  efflux,  the  simplest  way  is 
to  observe  a  jet  issuing  vertically  or  horizontally  from  the  vessd. 
We  will  tirst  consider  the  vertically  directed  jet. 

If  the  water  spring  forth  from  the  opening  o  (Fig.  151)  with  the 

same  velocity  as  if  it 
were  to  fall  from  the 
le\'el  of  the  liquid  in 
the  vi'sscl  to  the  height 
of  the  opening  o,  the 
jet  of  water  mu^t 
nse  again  to  the  cle* 
vation  of  the  liquid- 
level.  We  may  easily 
show  this  by  the  help 
of  the  apparatus  re- 
presented in  Fig.  152, 
letting  the  water  tiow 
from  the  opening  c; 
and  wc  shall  then 
find  that  the  ascend- 
ing jet  of  water  does 
iltain   ^^  *"y  ^^"^8  ^^    ^^^    height   that  might    be   ex- 
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pfcted.  Tlic  impediments  to  motion^  are,  however,  tlie  sole 
cauHC  of  the  water  aot  attaining  the  height  yielded  by  theory;  the 
water  falling  back  from  the  top  exerts  an  essential  inllueuce  in 
hindering  the  free  ascent  of  the  succeeding  water;  and  conse- 
quently the  jet  rises  the  higher  immediately  the  aperture  of 
etflux  IS  so  turned^  that  the  water  tluwing  out  may  make  a  small 
Ingle  with  the  vertical  that  is,  that  the  ascending  and  descending 
jeto  niay  be  close  to  each  other.  It»  this  case,  the  jet  may  mider 
ftvoimble  cireunistanees,  that  is  where  there  is  the  smallest  pos- 
sibk  friction,  attain  an  elevation  0,9  of  the  height  of  the  pressure. 
A  stream  of  water  flowing  out  in  an  horizontal  direction  describes  a 
parabola,  tlie  form  of  which  depends  upon  the  velocity  of  its  efflux. 
Supposing  that  the  opening  a  (Fig.  153)  were  0,1""  below  the  water 
FIG.  153.  level,  the  velocity  of  efflux 

woidd  be  according  to  the 

^B^^^  ToricelUan  law,  v"  2.9,8.0.1 

^^^^^^^Hg^^N.  =1,4°'.   If,  therefore,  a  par- 

^^^^^^^^^■^~~>.  tide  of  were  at  any 

^^^^^^^^^1  \  moment   to  flow   from  the 

^^^^^^^^^■!£..__^^\  opening,         would   in 

^^^^^^^^^1  ^"^V-.^,^^  second   be    \,V^   from   the 

^^^^^^^^^H  \  ^X^        vertical  wall  of  the  vessel^ 

^^^^^^^^^  \  ^     and  0,28™  in  tV  of  a  second. 

^  But  in  0,2  of  a  second,  the 

n-atcr  falls  0,196"  (we  find  this  on  substituting  the  value  0,2  for  1  in 

the  equation  «=?/■);    if  now  we   measure  the  length  «  6   = 

0,190"  downwards  from  the  opening  «,  an  horizontal  line  drawn 
from  b  towards  the  jet  of  water  will  interisect  the  latter  at  a 
distance  of  0,28",  In  making  the  experiment,  the  distance  b  c 
will  be  somewhat  less  than  0,28°*  owing  to  the  action  of  friction. 

According  to  thet>ry,  the  water  should  flow  from  a  second 
opening  d  40"",  below  the  surface,  with  a  velocity  double  that  at  a  ; 
if,  therefore,  we  measure  196"™  from  d  downward,  and  then 
suppose  a  horizontal  line  drawn  towards  the  jet  it  must  intersect 
the  latter  at  a  distance  of  0,56". 

Tlie  quantity  of  water  issuing  from  an  opening,  in  a  given  time^ 
depends  evidently  upon  the  size  of  the  opening,  and  the  velocity 
of  the  efflux.  If  all  the  particles  of  water  passed  the  opening  with 
the  velocity,  €?orre8|K)nding  according  to  the  Toricellian  law  with  the 
height  of  the  pressure,  the  water  Uowiug  out  in  one  second  would 
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forni  &  cylinder  whose  base  would  be  equal  to  tbe  openings  and  iU 
height  equal  to  the  distance  described  by  a  particle  of  wat^r  (owing 
to  its  velocity)  in  a  second.  This  distance  is,  however,  the 
velocity  of  the  efBux  itself,  and  therefore,  \^2pSj  and  designating 
the  area  of  the  opening  by  /,  the  quantity  expelled  in  a  second 
will  be 

m=f.  \^2gs. 
If  we  assume  that  the  apertures  m  and  n  are  circular,  and  that 
their  diameter  is  5"*",  the  area  of  the  opening/^  19,625  square 
millinietrca,  or  0,19025  square  centimetres,  if  the  height  of  the 
pressure  be  ten  centimetres,  the  velocity  of  the  efflux  will  be  as  we 
have  already  computed  1.4'"  =  140^'",  and  therefore 

m  =  0,19625  x  140  =  27,475  cubic-centimetres. 
In  a  minute,  therefore,    1648,5  cubic-centimetres,   or   148,5 
cubic-centimetres,  more  than  IJ  litres  must  flow  out. 

An  aperture  of  equal  size  lying  40^"  below  the  water-level,  must 
yield  double  as  much  in  one  minute ;  that  is,  3  litres  and  297 
cubic-centimetres  of  water. 

If  we  make  the  experiment,  we  find  that  the  upper  opening  only 
yields  about  1  litre  and  55  cubic-centimetres,  and  the  lower  one 
2  litres  and  110  cuhic-centimetrcs. 

Tliis  difference,  between  the  theoretical  and  the  actually  observed 
quantity  of  the  discharge,  proves  incontrovertibly  that  all  the 
particles  of  water  do  not  pass  the  aperture  with  a  velocity  corres- 
ponding to  the  height  of  the  pressure.  In  fact  it  is  only  those 
particles  of  water  lying  in  the  centre  of  the  opening  that  liave  this 
velocity,  while  that  of  the  particles  flowing  nearer  to  the  edge  of 
the  opening,  is  much  less  considerable,  as  we  shall  see  from  the 
following  observations. 

In  a  wide  vessel  having  a  narrow  opening,  the  whole  liquid  mass, 
with  the  exception  of  the  parts  in  the  vicinity  of  the  aperture,  may 
be  regarded  as  at  rest.  The  layers  that  successively  flow  out,  do 
not  begin  their  motion  simultaneously,  the  foremost  having 
attained  the  maximum  of  their  velocity,  whilst  the  most  backward 
arclM'ginrniig  their  motion.  The  consequence  of  this  would  be  a 
breaking  up  of  the  successive  layers  if  vaoM  could  be  formed;  as 
this,  however,  cannot  occur,  the  separate  layers  become  more 
elongated  while  their  diameter  diminishes ;  but  in  the  proportion 
tliat  the  diameter  of  thcKC  layers  diminishes,  other  particles  of  water 
must  flow  on  from  the  sides ;  as  these,  however,  only  begin  later 
their  motion  at  right  angles  to  the  opening,  it  is  clear  that  they 
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must  reach  the  opening  with  less  velocity  than  the  central  lines 
of  water. 

Whilst  the  nucleuB  of  the  jet  has  a  velocity  corresponding  to 
the  height  of  the  pressure  at  the  moment  of  its  leaving  the  aperture, 
it  15  surrounded  by  lines  of  water,  whose  velocity  dimiuishea  in 
proportion  oa  they  approach  the  edge  of  the  aperture :  whence  it 
follows,  that  the  quantity  flowing  out  must  be  less,  than  if  all  the 
particles  left  the  opening  with  the  velocity  uf  the  nucleus  of  the 
jet. 

The  water  flowing  out  is  not  perfectly 
cylindrical,  but  contracted  at  the  o]>entng 
as  seen  in  Fig.  154,  in  consequence  of 
the  central  lines  of  water  at  their  passage 
tlirough  the  opening  having  a  greater 
velocity  than  the  parts  near  the  edges, 
and  in  consequence  of  the  latter  being 
possessed  of  a  velocity  directed  towards 
the  centre  of  the  jet.  At  c  d  the 
diagonal  section  of  the  stream  is  about  equal  to  two  thirds  of  the 
ana  of  the  opening.  In  Ulce  manner  the  actual  quantity  of 
water  expelled  is  about  two  thirds  of  the  theoretical. 

Influence  of  conducting  tubes  upon  tfie  quantity  of  liquid  discharged, 
— If  the  efflux  does  not  take  place  through  openings  made  in  a 
thin  wall,  but  through  short  tubes,  remarkable  modiiications 
occur,  which  we  purpose  considering. 

If  a  conducting  tube  have  exactly  the  form  of  the  free  jet 
from  the  opening  to  the  part  where  the  latter  contracts,  and 
exactly  the  length  between  these  two  points,  it  will  exercise  no 
influence  upon  the  quantity  of  liquid  discharged. 

In  cyUndrical  pipes,  the  water  either  pours  freely  out  as  from 
an  opening  of  equal  diameter,  in  which  case  no  influence  is 
exercised  upon  the  quantity  of  liquid,  or  the  water  adheres  to  the 
walla  of  the  pi]>e9j  so  that  the  liquid  fills  the  whole  pipe,  and 
flows  forth  in  a  stream  having  the  diameter  of  the  pipe;  in  this 
caae  the  pipe  considerably  influences  the  quantity  discharged. 
Whilst  an  opening  in  a  thin  wall  yields  theoretically  0,C1?  of  liquid, 
we  obtain  by  such  a  cylindrical  conducting  pipe  of  hkc  diameter 
84  p,  c,  provided  the  length  of  the  pii)e  is  equal  to  four  times  its 
diameter.  Tlie  stream  always  adheres  to  the  pipes  at  lower,  while 
it  is  free  at  greater  pressures.  Where  there  is  a  medium  pressarCy 
it  may  be  made  free  or  adherent  at  pleasure ;  an   incousiderablo 
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unpcdirotnt  will  occaKion  adhesion^  while  a  rerv*  slight  touch  i» 
uftt'u  sufficient  to  rrudiT  the  strcHm  free. 

A  conical  condacting:  pipe  acts  in  case  it  discharges  when  full, 
ID  the  same  manner  as  a  c^iindhcal  pipe,  excepting  that  it 
occasions  an  increased  efflux. 

The  speed  of  the  efflux  in  diminished  in  cylindrical  or  conical  con- 
ducting pipes  in  the  same  proportion  as  the  quantity  of  discharge 
is  increased. 

AVe  must  now  examine  how  it  happejis  that  conducting  pipes 
increase  the  quantity  of  liquid  dischai^d^  while  on  the  contrary 
they  diminish  the  velocity  of  the  efflux. 

The  water  suffers  a  contraction  on  enterinjr  the  conductin^r  pipe, 
in  the  same  manner  as  if  it  were  discharged  fi*om  an  openmg  m 
a  thin  wall,  but  besides  this^  as  soon  as  the  walls  of  the  pipe  are 
wetted,  adhesion  acts  in  such  a  manner  on  these  walls  that  the 
conducting  tubes  become  entirely  tilled,  and  tlie  diagonal  section 
of  the  stream)  thus  increases^  being  at  its  exit  from  the  pipe  larger 
than  at  the  place  of  contraction  as  may  be  se^'u  at  Fig  155.     That 

riG.  155.  no.  156.  such  a  contraction  actually  occurs  in  thv 
tnbe  is  prored  by  this,  that  if  we  give  the 
conducting  tube  the  shape  of  a  contracted 
stream  as  in  Fig.  156,  the  efflux  is  pre- 
cisely the  same  as  if  the  conducting  tube 
were  cylindrical. 

If  the  j)articlc»  of  water  filling  the  whole  section  of  the  tube 
leave  it  with  the  same  velocity  with  which  they  pass  the  most 
contracti'd  part,  a  breaking  up  of  the  succeeding  layers  of  water 
must  ncccsHurily  o*:eur.  The  separation  of  the  particles  of  water, 
and  coiisiiiuently  liit-  foniiaiion  of  vacua  is,  however,  hindered  by 
the  j)re88Uiv  of  the  air  which  accelerate  the  motion  of  the  liquid 
while  flowing  ijito  tlic  tube,  but  retards  its  efflux  from  it.  By 
atmospheric  pressure,  tlic  particles  of  water  flowing  out  are  so 
n)uch  retarded  that  a  full  efflux  is  produced. 

Tliat  the  pressure  of  the  aii'  reidly  has  this  effect  is  e«]>ccialJy 
proved  by  the  quantity  of  the  discharge  not  being  increased  by 
putting  on  conducting  pipes  where  water  flows  into  a  vacuum. 

If  we  make  a  hole  in  the  lateral  wall  of  a  conducting  pipe,  the 
m^  will  be  drawn  in  through  this  opening,  and  the  stream  will 
tu  be  continuous. 

\f  «  bvnt  tube  x  y,  Fig.  155,  whose  lower  end  opens  into  a 
tj  water,  be  inserted  into  the  lateral  wall,  the  water  in  the 
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v&ter  to 


ill  be  sucked  up   by  the   tendency   manifeatod  by  the 
u  vacuum   in 
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the  conducting  pijw.  This  phcno- 
inruoa  proves  likevritfe  the  intiucnce  cxerci»ed  by  the  air  in  the 
above  experiments.  As  a  conical  conducting  pi])e  gives  a  larger 
dijjcharge  than  one  that  is  cylindrical,  it  must  also  draw  up  UM>re 
liquid,  that  is,  under  otherwise  similar  conditions  the  oohinin  of 
water  drawn  into  the  tube  x  y  by  a  conical  conducting  pipe  will 
rise  to  a  greater  height  than  in  a  cylindrical  pipe. 

Lateral  pressure  of  liquidjt  in  mo/ion. — If  water  How  through 
pipes  out  of  n  reservoir,  the  lateral  walls  of  the  pipes  would  not 
have  to  support  any  pressure,  if  there  were  no  resistance  of  friction 
to  overcome,  liiiSj  however,  under  some  circumstances  niuy  be  so 
considerable,  that  the  greater  part  of  the  hydrostatic  pressure  is 
lost  in  overcoming  this  resistance,  and  proves  of  no  avail  in  aiding 
the  motion. 

Instead  of  the  plate  with  the  opening  c  in  Fig.  152,  let  us  insert 
into  the  apparatus  a  cork,  in  wluch  is  a  glass  tube  three  feet  in 
length,  and  give  the  tube  a  horizontal  direction  when  the  water 
at  the  end  of  the  tube  will  then  tiow  out  much  more  slowly  than  if 
the  efflux  had  occurred  through  the  opening  c. 

If  we  apply  several  equally  long  tubes  of  different  diameters  to 
exhibit  this  experiment,  we  shall  see  how  the  velocity  of  the 
discharge  diminishes  with  the  narrowness  of  the  tubes. 

Supposing  we  tiiid  that  the  velocity  of  the  efflux  for  one  of  these 
tubes  is  only  half  as  great  as  we  should  expect  from  the  amount  of 
height  of  the  pressure,  then  the  one  half  of  this  pressure  is  necessary 
to  overcome  the  friction,  and  the  other  half  only  is  available  for  mo- 
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tion.  If  the  water  in  the  tube 
a  c,  (Fig.  157)  were  to  move 
with  a  velocity  corresponding  to 
the  height  of  the  pressure  in 
the  reservoir,  the  walls  of  the 
tubes  would  have  no  pressure 
to  support ;  but  if  the  water 
in  the  reservoir  produces  in 
the  tube  a  motion  corres- 
ponding only  to  a  part  of  the 
height  of  the  pressure,  the 
remainder  must  act  upon  the 
walls  of  the  tubes  as  hydrostatic  pressure.  The  pressure  sustained 
by  the  walls  is,  however,  not  equal  in  all  parts  of  the  tube,  being 
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less  the  nearer  it  approaches  the  opening  c.  In  many  cases,  the 
pressure  to  be  supported  by  the  walls  of  the  tubes  from  vnthio 
may  be  less  than  the  pressure  of  air  arting  upon  them  from 
without;  this  is  every  where  the  case  where  the  conditions  arc 
fulfilled  in  which  the  phenomenon  of  suction  occurs.  /'V^ 

y^  Reaction  created  by  the  efflux  of  Liquids. — If  we  suppose  a  vessel 
^''^fillcd  with  water,  the  whole  will  be  at  rest,  as  everj'  lateral  pres- 
^     aore  is  counteracted  by  a  perfectly  equal,  but  opposite  one.    But 
if  we  make  an  opening  at   any  part  of  the  wall  from  wliich  the 
water  may    llow   forth,  the  pressure  will  evidently  be  removed  at 
this  spot,  whilst  the  portion  of  the  wall  diametrically  opposite,  and 
corresponding  to  it  will  be  pressed  upon  as  strongly   as  before. 
\  The  pressure,  therefore,  on  the  wall  of  a  vessel  through  which  the 

^^ft  opening  has  been  made,  is  less  than  that  acting  on  the  opposite 

^^1  side,    consequently   the   whole  vessel   must  move  in   a   direction 

^^^  op|x>sed  to  the  direction  iu  which  the  stream  of  water  flows  out,  if 
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may  be  compared  to  the  recoil  of  fire-arms. 
The  reaction  manifested  ou  the  escape  of  water 
may  be  shown  by  an  apparatus  known  by  the 
name  of  Seg^ner's  Water-wheel.     It  oouaists  of 
a  vessel  v  turning  round  a  vertical  axis,  and 
having  at  its  upper  extremity  a  cock  r,  which 
need  only  be  turned  in  order  to  put  the  appa- 
ratus into  motion.     By  means  of  the  reaction 
of  the  streams  of  water,  issuing  from  the  end 
of  the  horizontal  and  curved  tubes  /  and  i\ 
and  at  a  tangent  to  the  circle  described  by  the 
end  of  the  tiibcn,  the  apparatus  receives  a  nijiid  rotatory  motiou. 
Vertictil  Wiitrr-whcelit, — If  water  continiyilly  flow  from  a  more 
highly  eluvnted  to  u  lower  spot,  it  may  he  applied  as  a  moving 
force. 

If  during  an  unit  of  time,  as  a  second,  a  mass  of  water  whose 
weight  is  M  flow,  or  fall  from  a  height  h,  M  hh  the  quantity  of 
TiKition,  or  the  mechanical  moment  of  this  mass  of  water.  In 
whatever  way  we  may  turn  the  motion  of  the  water  to  another 
body,  the  effect  can  never  eiceed  the  mechanical  moment  of  the 
full,  that  is  wc  can  by  means  of  the  fall  at  most  raise  to  an  equal 
h*'iK^>^  "  weight  equal  to  the  mass  of  water  falling  from  the  same 
iMtuiht  in  the  same  unit  of  time,  or  effect  some  other  similar  action. 
U  (iw  uistance,  a  mass  of  water  of  800  lbs.  fell  from  a  height  of 
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twenty-four  feet  in  one  second^  the  absolute  maximum  of  the  e&ct 
of  this  fall  is  19200,  that  is,  a  result  might  be  produced  by  this 
fall,  supposing  all  forces  to  come  into  action  without  there  being 
any  loss  by  friction  or  other  resistance,  which  would  be  equal  to 
the  force  necessary  to  raise  a  weight  of  19200  lbs.  in  one  second 
to  an  elevation  of  one  foot. 

If  wc  assume  that  a  horse  working  with  medium  force  and 
medium  speed  can  raise  a  load  of  100  lbs.,  four  feet  in  one  second, 
the  absolute  maximum  of  the  effect  of  that  fall  might  be  compared, 
or  would  be  equal  to  a  forty-eight  liorse-power.  In  what  follows, 
we  will  designate  the  absolute  maximum  of  a  fall  by  the  letter  E, 

In  order  to  avail  ourselves  of  the  mechanical  moment  of  a  water- 
fall, we  generally  make  use  of  water-wheeU,  that  is  wheels,  on  the 
circumference  of  which  the  water  acts  by  means  of  pressure  or 
impact. 

Ordinary  water-wheels  turn  in  a  vertical  plane  round  an  hori- 
sontal  axis.  We  distinguish  three  main  kinds  of  vertical  water- 
wheels,  undeT'Shoty  over-shot  and  middle-shot. 

In  undershot  wheels  the  Hoat-boards  are  at  right  angles  with 
the  circumference  of  the  whorl.  The  lowest  float-boards  arc  im- 
mersed in  the  water,  which  Hows  with  a  velocity  depending  upon 
the  height  of  the  fall. 

The  flowing  water  sets  the  wheel  in  motion,  and  imparts  to  it 
a  velocity  which  may  be  greater  or  smaller  according  to  circum- 
stances. 

If  the  impact  of  the  water  is  to  impart  to  the  wheel  a  velocity 
equal  to  that  with  which  the  water  would  flow  if  there  were  no 
wheel,  there  must  be  no  resistance  opposed  by  the  wheel  to  this 
motion,  it  must  therefore  not  be  loaded ;  or  in  this  case  there 
can  be  no  mechanical  action  produced,  and  the  effect  will  be 
null. 

On  the  other  hand  we  might  load  the  wheel  so  strongly  by  a 
counterpoising  weight,  that  the  strike  of  the  water  would  not 
impart  any  motion  to  it,  the  falling  water  exercising  only  a  static 
pressure,  and  keeping  the  whole  in  equilibrium.  In  this  case,  the 
effect  is  also  null.  From  this  consideratiou  it  follows  that  where 
the  wheel  is  to  do  any  work,  it  must  move  with  a  velocity  less  than 
that  of  the  freely  flowing  water ;  theory  and  experience  show  that 
the  most  advantageous  effect  is  produced,  if  the  velocity  of  the 
wheel  be  half  as  great  as  that  corresponding  to  the  height  of  the 
Ml. 
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Hence  it  follows  that  only  half  of  the  invchanical  moment  of 
the  fall  comes  into  action  in  an  ordinary  under-shot  wheel,  while 
the  water  flows  off  vrilli  half  the  velocity  with  which  it  cajtic  on 
thii  wheel ;  the  effect  of  such  a  wheel  can,  theivfore,  never  exceed 
the  value  of  {  E,  £\Tn  this  effi*ct  cannot  be  practicnlly  obtained, 
as  n  part  of  the  force  is  lost  by  the  adhesion  of  the  water  to  the 
walla  of  the  channel,  resiistancc  of  friction,  &c.  Carefully  con- 
ducted experiments  have  yielded  the  value 

e  =  0,S  E 
for  under-shot  wheels  moving  in  a  channel,  where  no  lateral  efHni 
of  the  water  could  take  place. 

But  in  uneoniincd  wheels,  as  those  applied  to  sliip-niills,  whcrt* 
the  water  may  eac«^>c  laterally,  the  effect  is  still  nioi-e  remote  from 
the  absolute  niaxinrani.  Under-shot  wheels  arc  applied  where 
then!  is  a  considerable  mass  of  water,  but  where  the  fall  is  of  sniufl 
elevation. 

As  the  mechanical  moment  of  the  fall  is  turned  to  little  account 
in  the  above  dcscrilwd  under-shot  wheels  where  the  water  rfrikci* 
the  float-boards  at  riglit  angles,  Ponceiet  has  constructed  an  under- 
shot wheel  with  curved  float-boards,  the  effect  of  which  approaches 
far  nearer  to  the  absolute  maximum. 

In  order  to  have  the  water  come  upon  the  wheel  without  a 
Rudden  stroke,  the  float-board  at  the  cirttumferenet;  of  the  wheel 
must  correspond  with  the  direction  of  the  tangent ;  but  if  they 
were  so  constructed,  the  water  would  be  hindered  in  fulling  from 
the  wheel ;  besides  which  the  water  must  not  expend  all  its  velocity 
on  the  wheel,  since  in  that  ease,  it  would  have  none  left  for  flowing: 
off.  Thus  a  certain  loss  of  power,  independently  of  the  natiu-al 
impediments,  is  unavoidable  even  in  Poncelefs  wheel. 

Wheels  with  curved  float-boards  are  computed  to  jicld  an  effect 
equal  to  two-thirds  or  even  three-fourths  of  the  absolute  maximum. 
This  result  is  explained  in  Pon4:elet's  wheels  Ijy  the  water  losing 
its  velocity  as  it  ascends  the  cuned  float-bourds,  and  yielding  it 
almost  entir(*ly  to  the  wheel. 

The  overshot  Jt'heel  is  applied  where  there  ia  a  high  fall  of  an 
inconsidwable  (|uantily  of  water,  as  in  small  mountain  streams. 
The  water  in  ninning  down  upon  it  fills  the  cells  on  one  side  of 
the  wheel,  which  is  turned  by  this  very  addition  of  weight.  Near 
the  lower  part  of  the  wheel  the  water  agaiji  flows  out  of  the  cells. 
There  is  also  a  portion  of  the  mechanical  moment  lost  in  over-shot 
wheels,  because  the  cells  cannot  keep  the  water  down  to  the  lowwrt 
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point  of  the  wheel,  but  be^'n  sooner  to  let  it  flow  out.  A  well 
fonstnicted  over-shot  wheel  ought  to  produce  an  effect  amountiDg 
to  75  per  cent  of  the  absolute  maximum,  provided  that  it  turn 
iilowly,  for  rapid  turning  the  water  dcK's  not  remain  in  an  hori- 
xonbd  position  in  the  cells,  in  consequence  of  the  centrifugal  force, 
bat  rises  exteriorly,  so  that  it  falls  sooner  from  the  colts. 

Tlic  mtddle-skot  wheel 
is  a  kind  of  medium  be- 
tween the  over,  and  the 
under-shot  wheel. 

Iforhunial  IVnter- 

wfieeU. — Earlier  attempts 
were  made  to  construct 
water-wheels,  but  it  is 
only  recently  that  they 
have  been  practically  ap- 
plied ])y  Fourneyrmu  The 
honzontal  wheels  he  in- 
vented are  known  by  the 
name  of  turbines. 

Fig.  159  reprt!sents 
one  of  these  constructed 
for  a  high  fall  of  water. 

Tlie  whole  mass  of  the 
falling  water  is  collected 
\u  a  wide  cast  ii-on  tube, 
eonnceted  with  a  cast 
iron  reservoir  by  the 
opening  o.  A  hollow  tube 
passes  through  the  middle 
of  the  reservoir  connect- 
ing the  upper  Hcl  with  the 
bottom.  This  horizontal 
bottom  does  not,  however, 
tonch  the  vertical  walls  of 
the  vessclj  there  being 
bctwceu  it  and  the  lateral  wulU  an  annular  interval  from  which 
the  water  flows  in  a  horizontal  direction. 

Tliis  water  thus  streaming  out  sets  the  horizontal  wheel  with  its 
vertical  spokes  in  motion  ;  o  a  is  the  vertical  axisj  round  which  the 
wheel  turns,  passing  through  the  shell  connecting  the  bottom  and 
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tbe  cover  of  tbc  rcMmxr.  To  lliis  axia  the  pkte  b  b  a  fastened, 
oppoHlc  to  tlic  opqnpg  of  tbe  reaen'oir  bearing  the  rim  of  the 
wheel  wil^  the  ftoat-bosrda. 

Tbe  float-boards   are  comd  ai 
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in  the  sectional  view  in 
Pig.  160  ;  in  order, 
however,  to  make  the 
water  strike  the  float- 
htiards  of  the  wheel  in 
the  most  advantageous 
direction,  conducting 
carves  made  of  tin  are 
fastened  to  the  plate  of 
the  reservoir  to  give  a 
determined  direction  to 
the  w-ater. 

It  would  detain  us 
t(x>  long  were  we  to 
(.-nter  into  a  particular 
(leseription  of  the  most 
udvantageoua  curva- 
ture for  Hoat-boarda, 
and  ecHiducting  curves.  Furnrymn's  turbines,  if  well  constructed, 
ought  to  prxHluoe  an  effect,  aniouuting  to  75  p.  c.  of  the  absolute 
maxmium.  Gai/m/ has  simplilied  them  by  leaving  out  the -eon- 
ducting  corres,  and  thus  lost  5  p.  c.  more  of  the  absolute  maximum 
effect,  so  that  his  turbines  still  yield  70  p.  c. 

Turbines  are  particularly  useful  for  high  falls  which  do  not 
admit  of  the  use  of  vertical  wheels. 

Attempts  have  been  made  to  enlarge  upon  the  Sepxer  water* 
wheel,  in  order  to  work  machinery  with  it,  but  hitherto  with  very 
little  effect ;  a  very  small  motive  po>»-er  being  invariably  produced. 
Tlir  rrnwin  of  the  want  of  success  attending  these  attempts  did  not 
anae  from  the  nctivr  moving  power  being  too  small,  but  bc^cause 
the  lower  of  the  two  pivots  around  which  the  apparatus  turns  has 
to  bear  the  whole  weight  of  a  large  mass  of  water,  in  consequence 
of  whieh  IIhtl'  in  a  dinproportionally  large  amount  of  resistance 
from  frietirm  to  Ik^  overcome. 

This  objection  has  been  ingeniously  set  aside  by  Althatui  of 
Sayn,  who  has  made  such  an  alteration  in  the  apparatus,  that  the 
water  enters  the  ht^rizontal  amis  from  hclow,  and  not  from  above, 
IV  most  essentirtl  part  of  arrangement  is  shown  in  Fig.  161.     The 
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rcBcrvoir  is  formed 
by  ft  cast  iron 
conducting  pi|)e, 
wliich  is  curved 
horizontally  beiow, 
and  ends  in  a  ver- 
ticalty  rising  piece* 
of  tube  a.  From 
the  opening  Rt  a, 
thi- water  tlows  into 
the  neck  b  attached 
to  Uic  end  of  the 
tube  a  in  fluch  a 
manner  that  it  can  turn  round  it  as  round  a  pivot.  The  water 
passes  lhrciu«;Ii  the  neck  b  into  the  horizontal  ann  r,  and  llows  out 
of  the  openings  at  o.  The  motion  of  the  wheel  is  transmitted  by 
the  axis  d. 

The  friction  to  be  overcome  by  such  a  wheel  in  revolving  round 
the  pivot  a,  must  be  very  inconsiderable,  for  the  weight  of  the 
wheel  with  all  that  i-s  fastened  to  it  is  almost  entirely  supported  by 
the  pressure  of  the  column  of  water,  so  that  the  pivot  a  has 
scarcely  any  pressure  to  sustain. 

In  the  ap])aratus  seen  at  Fig.  161,  a  large  portion  of  the  mecha- 
nical moment  of  the  fall  must  be  lost  from  reasons  similar  to  those 
affecting  the  under-shot  wheel  with  Hat  float-boards,  for  if  the 
water  imparts  all  its  velocity  to  the  wheel,  and  falls  fnnn  the 
0|>emng8  willmut  any  velocity,  and  if,  therefore,  the  wluvl  rotate 
with  a  rapidity  corresponding  to  the  operation  of  the  fall,  the 
prenare  backwards,  and  consequently  the  Jiiechanieal  effect  will 
ric.  162.  be  null    also.     The   water    must    still 

j0^^^^  retain    a   portion    of    its    velocity    of 

i^iB^Z%  motion.     Much    may    be  gained   here 

fg         ^^ffla  by    curving   the    arms,    somewhat  in 

^^Pv        Mi  manner  repi'esented  in  Fig.    162. 

^^^^^i^^    The    water   imparts    its   velocity    gra- 
^^^^^       dually  to  the   whe*.'l,    flowing  through 
the  tubpj  and  pressing  against  the  cur\'ed  walls,  so  that  it  falls 
at  the  opening  almost  devoid  of  all  rapidity- 

In  Scotland  such  turbines  ui  reaction  are  much  used,  on  which 
account  they  are  often  cjillcd  Scotch  turbines. 

IVater-column  Machines. — In  the^e  machines  the  acting  column 
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of  WBter,  pressiDg  upon  a  piston  that  moves  in  n  cylinder^  iiiiparU 
to  it  t  forwmrd  and  backward  motion  wliich  is  farther  tninsiintted 
by  the  piston. 

Water-column  machines  are  generally  applied  for  the  purpose 
of  nuHing  water  to  a  coniiiderable  height.  In  this  manner,  for 
instance^  the  Rait  spring  at  ReiehenhaU  in  Upper  Bavaria  is  con- 
ducttnl  by  a  circuitous  course  about  one  hundred  and  twenty  miles 
to  Rotenkeim^  and  other  intermediate  places  for  the  puri>ose  of 
brmg  boiled.  On  this  road  there  are  nine  of  these  watcr-culurau 
QMckiiieSi  constructed  by  Reich^nbach,  to  raise  the  springs  over 
the  mountainous  heights.  ^Vlthousrh  ull  these  machines  depen<l 
upon  the  same  principle,  their  mode  of  action  is  in  many  re^pectti 
diflcrent;  wc  will  here  consider  with  attention  one  of  nine  of  i\\n&€ 
most  simply  arrnntn^d,  that  at  Nesselgrabe. 

The  pipe  A  leads  the  impelling  water  to  the  machine,  it  enters 
alternately  into  the  upper  and  lower  part  of  the  cylinder  B,  when* 
i(  drives  the  pist<m  C  alternately  up  and  down. 

In  onler  to  produce  this  alternation,  on  the  entrance  of  the  water, 
nil  arrangement  has  been  applied  precisely  similar  to  the  cuutriviuioc 
usetl  for  governing  steam-engines.  Three  connected  pistons  nim-f 
in  the  cylinder  dy  the  two  hmer  ones  ai"€  alike,  while  the  upper 
one  has  n  smaller  diameter. 

Ill  thr  position  of  the  piston  as  represented  in  the-  drawing,  iho 
im}H>llmg  water  piwses  through  the  pipe  e  into  the  large  cylinder, 
and  raises  the  piston  C  The  water  above  C  flows  through  the  pipe 
/  into  the  pipe  rf,  and  from  thence  passes  nway  through  the 
pi|>e  g. 

When  ihe  piston  C  is  raised,  the  pistons  must  be  .so  displaeetl 
in  the  tube  i/,  thnt  now  the  impelling  water  may  enter  the  large 
cylinder.  This  is  cflTected  by  the  pistons  descending  so  far  in  //, 
that  ihf  piston  i  stands  below  the  iwhc  fj  and  the  piston  m  below 
t^ :  then  the  impelling  water  passes  from  the  tulje  A  through  A 
and /into  the  upper  part  of  the  cylinder  H,  drives  down  the  piston 
Cf  whilst  the  Water  l>elow  C  ]>asses  through  e  into  the  tube  r/, 
flowing  oflfthrcMigh  the  tulie  ff. 

The  elevation  and  depression  of  the  pistons  in  the  tube  d  is  effected 
m  the   following  inaiuier.     Tlic  tube  A  is  connected  by  the  lul>e  n 
with  the  tip|>er  part  of  tht!  tulic  d:  at  the  joint  of  the  tube  »,  acock  _ 
r  is  applied,  which  according  to  its  position  at  one  time  connects  the  M 
upper  part  of  the  tube  */  with  h,  unJ  at  another  cuts  off  this  ronnee- 
tion  and  puts  the  upper  part  (>f  the  tube  d  in  communication  with 
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tbc  external  air.  If  now  we  suppose  the  cock  to  be  so  placed  that 
the  impelling  water  can  enter  from  A  by  means  of  this  cock  into 
the  Tipper  part  of  d,  the  piston  ft  will  be  pressed  upon  above  and 
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below  by  an  equal  power  of  water ;  Ijcsidea  this,  the  water  presses! 
above  on  the  piston  t,  below  on  the  piston  m;  the  pistons,  therefore, 
arc  exposed  to  equal  water-pressure  from  above  and  below,  and 
deseend  by  their  own  weight. 

Mlicn  the  pistons  are  to  rise,  the  cock  r  is  so  arranged  that  the 
communication  between  h  and  the  upper  part  of  d  is  interrupted. 
Now  no  pressure  of  water  acta  upon  *,  the  water  above  s  escaping 
from  the  machine  by  the  cock.  The  water-pressure  from  above 
against  i  is  counteracted  by  the  pressure  from  below  against  m, 
and  the  pressure  of  the  water  from  below  t,  to  which  there  is  no 
counter  pressure,  raises  the  pistons. 

The  turning  of  the  cock  is  effected  by  the  machine  itself.  At 
the  up|)er  end  of  the  rod  fastened  to  the  piston  C,  a  round  disc  is 
applied,  which  strikes  ao:ain3t  the  oblique  surface  i  on  the  risiiig 
of  the  piston,  and  against  the  oblique  surface  u  on  it«  sinking, 
pushing  them  sideways,  and  thus  causing  a  revolution  about  the 
axis  r.  The  arm  y  is  fastened  to  this  axis,  and  the  arm  r,  by  its 
rotation,  causes  the  cock  to  turn. 

Let  MS  now  further  consider  how  the  motion  of  the  piston  e  is 
transmitted  and  applied  to  the  other  parts. 

T\\v  piston  a  is  connected  with  the  piston  C  by  means  of  a  rod 
passing  through  a  atufiing  box,  and  has  a  much  smaller  diameter 
than  Cj  the  elevation  and  depression  of  the  piston,  cause,  therefore, 
a  similar  motion  in  the  piston  a ;  but  when  a  rises,  a  rareJactiou  of 
air  takes  place  in  the  chamber  b,  the  lower  valve  opens,  and  water 
is  raised  through  the  suction  pipe  N  into  the  chamber  6.  By  the 
rifluig  uf  the  piston  a,  water  is  pressed  into  the  chamber  c,  the 
lower  valve  closes,  the  upper  one  opens,  and  the  water  is  thus 
raised  through  the  piston  into  the  reservoir  /?,  and  from  this  into 
the  ascending  pi]>c  S. 

On  the  descent  of  the  piston,  the  valves  which  were  open,  close, 
and  vice  versa ;  water  is  sucked  up  into  the  chamber  c,  and  raised 
from  fi  into  the  reseiToir,  and  tbe  ascending  pipe. 

If  the  diameter  of  the  piston,  C,  be  two,  three  or  four  times 
greater  than  that  of  the  piston  a^  we  may  raise  a  column  of  w^ter 
(disregarding  friction  and  other  impediments)  two,  three,  or  four 
times  as  high  as  the  height  of  the  inipflling  water. 

In  the  water-eoliinin  machines  we  have  been  considering  the  height 
of  the  impelling  water  is  140  feet,  it  raises  the  brine  to  a  height 
of  346  feetj  but  this  column  of  salt  water  corresponds  to  a  column 
of  fresh  water  of  397  feet;  the  diameter  of  the  piston    C  is  20J, 
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tint  of  the  piston  a  10  inches,  the  larger  one  having  abnost  four 
times  as  great  a  diameter.  The  reason  of  the  height  of  the  raised 
edimm  of  water  not  being  four  times  greater  than  the  height  of 
the  impelling  water  that  is,  not  560  feet,  is  owing  to  a  considerable 
force  being  necessary  to  overcome  friction  and  other  resistances. 
Hiia  machine  yields,  therefore,  about  70  per  cent,  of  the  absolute 
maYJmnm,  for  397  is  to  560  nearly  as  70  to  100. 

The  water-column  machine  at  Ihang,  also  between  ReichenhaU 
and  Rosenheim,  which  is  somewhat  differently  constructed,  raises 
the  spring  to  an  elevation  of  1218  feet,  equal  to  the  raising  of  a 
eolumn  of  firesh  water  to  a  height  of  1460  feet.  The  diameter  of  the 
larger  piston  is  25  feet  8  lines,  that  of  the  smaller,  11  feet  d|  lines. 

Great  difficulties  present  themselves  in  converting  the  backward 
and  forward  motion  of  the  piston  in  these  water-column  machines 
into  an  nniformly  circular  motion,  as  seen  in  steam  engines, 
owing  to  the  water  not  being  elastic  like  steam.  But  Reiehenbach 
has  ingeniously  met  this  difficulty  in  the  construction  of  a  smaU 
machine  at  Toscana,  by  applying  a  guiding  or  directing  piston ; 
cannot,  however,  here  enter  further  into  the  consideration  of  i 
sabject. 
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MOTIOK     or     OASIS. 

Ir  ■  gas  be  cnckned  in  m  ^eaBd  having  any  kind  of  openiDg,  it 
will  escape  through  the  opening  a«  soon  as  the  gas  in  the  vessel  ib 
more  strongly  couiprvssed  than  the  air  in  the  space  oonununicatiDg 
with  the  aperture.  The  laws  (if  the  passage  of  gases  through 
o[K^ninga  in  thin  walls,  and  through  conducting  pipes  areaxuJogooi 
to  tliose  bodies  of  liquid  with  which  we  havu  become  aeqmdntcd. 
The  term  goiumieter  is  applied  tu  an  apparatas  serving  to  maintain 
a  conataut  diKcharge  of  gas. 

In   chemical   laboratories,  the  form   most  commonly  used  for 
ria.  ifti.  gasometers  is  represented  at  Fig.  164.     A 

is  a  cylinder  of  lacquered  tin,  about  16  to 
18  inches  in  height,  and  10  to  12  inches 
in  diameter,  having  its  upper  cover 
vaulted.  On  this  cover  stands  a  secoud 
cylinder  B,  o|>cn  at  the  top,  resting 
upon  three  supports,  and  only  i  of 
the  height  of  the  lower  one.  The  upjKr 
cylinder  is  connected  with  the  lower  by 
means  of  two  tubes,  of  which  the  one  h 
i»  exactly  in  the  middle  of  the  cover.  This 
must  not  quite  enter  the  lower  cyhnder.  A 
scetind  connecting  tube  a  reached  almost 
tn  the  hnttoni  of  the  lower  evlindcr.  In 
t  lit'Ji  of  the  tubes  there  is  acock^  by  meanft 
of  which  we  may  at  pleasure  establish  or 
interrupt  the  communication  of  the  two 
eyliudcrn.  At  ff  there  i»  a  sht^rt  liorizontal  tulx-,  which  may  uIko 
\>r  vUm'.{\  by  a  cock,  luiil  to  which  a  .screw  is  attached,  in  order  to 
udnnt  of  other  pipes  and  openings  being  connected  with  it.     Near 
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ihe  liottuiii  of  the  lower  c>'liuder,  there  m  an  opening  at  </  «lirected 
upwards,  that  may  Iw  closed  hy  nieiind  of  n  screw  ur  cook.  If  we 
wiiih  to  fill  the  lower  cylinder  with  a  gas,  we  first  fill  it  with  water 
in  the  following  manner.  The  opening  at  d  must  be  closed,  the 
three  cocks  opened,  and  then  water  ]K)ured  into  the  upper  vcasc-I. 
The  water  dowa  into  the  lower  cylinder,  and  as  soon  as  this  is 
filled  to  e,  we  cKiae  ihe  cock.  The  remainder  of  the  air,  still  in  the 
cylinder,  escapes  through  the  tube  h.  When  the  lower  cylinder  is 
thus  filled  with  water^  the  cocks  of  the  connecting  pipes  are  closed, 
and  the  screw  or  cork  at  d  taken  off.  Water  cannot  tlow  fn»in 
hence  because  no  bubbles  of  air  arc  able  to  enter.  But  if  we  insert 
a  gas  conducting  tube  at  d,  the  water  will  tiow  out  in  its  vicinity, 
whilst  bubbles  of  gas  continually  ascend  from  it  into  the  upper  part 
of  the  receiver.  In  this  manner,  the  lower  cj'Iinder  fills  itself  more 
and  more  with  gas.  We  may  see  how  far  the  cylinder  is  filled 
with  gas  by  the  glass  tube  /  which  is  so  connected  above  and 
below  with  the  vessel,  that  the  water  stands  lis  high  in  it  as  in  the 
cylinder. 

^V)lcn  the  whole  reservoir  is  tilled  with  gas,  the  opening  at  d 
ia  closed,  and  the  cock  of  the  connecting  tube  a  is  opened.  A« 
soon  as  the  cock  e  is  opened,  the  gas  escapes  with  a  rapidity 
corrtisponding  to  the  pressure  of  the  column  of  water  in  the  tube  tf. 
Large  gasometers  used  for  gas  illimiiuation  are  constructed  on 
a  different  principle,  a  cylinder  closed  at  the  top  dips  into  a  large 

reseiToir  iillcd  with 
water,  (Pig.  165). 
This  cylinder  is 
made  of  tin,  is  ten 
metres  in  diameter, 
contains  100  cubic 
metres  of  gas,  and 
weighs  as  we  will 
nssumc  10,000  kilgr. 
It  does  not  sink  m 
t  Kc  water,  in  consc- 
<iucuce  of  its  being 
tilled  with  gas;  but 
its  whole  weight 
presses  upon  this 
gas  with  a  force  greater  than  the  pressure  of  the  almosplKTc. 
Accoriling  to  our  assumption,  this  excess  of  pressure  amounts  to 
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10,000  kilogr.  upon  a  nrcular  area  of  ten  niclrea  lu  dimmcter, 
wbicb  is  about  L-cjual  to  the  pressure  of  a  column  of  water  of 
13  centimetres  ;  tbe  water  must,  therefore,  stand  13  ccntimctm 
higher  without  than  within  the  cyUnder. 

Ascending  from  below^  a  pipe  passes  into  tbe  cylinder,  baring 
its  upper  open  end  above  the  level  of  tbe  water;  this  pijjc  separata 
into  a  number  of  uarrower  ones,  leading  to  the  mouths  of  the 
■eparate  gas  pipes,  from  which  the  gas  pours  out  with  a  ^xlodty 
eorrespondiiig  to  the  pressure  in  the  gasometer.  This  velocity  it 
constant,  because  tbe  gasometer,  even  though  it  sank  more  deeply 
into  the  water,  only  loses  a  little  *»f  its  weight,  as  it  is  only  the  wtJt 
of  the  gasometer  that  is  here  to  be  taken  into  account.  The 
pressiin*  upon  the  gas  is  motliticd  and  regulated  by  a  counter  weight. 
In  order  to  fill  the  gasometer,  the  cock  in  the  distributing  pipe 
is  closed,  while  the  rock  of  another  pipe  is  o|)ened,  connect- 
ing the  interior  of  the  gasometer  with  the  apparatus  in  which  the 
gas  is  prepared. 

Biuwcrs  or  blowing  inach'tHt's  of  vuriuLis  modes  of  construction  ore 
used  in  forges.  Tbe  most  applicable  kind,  and  that  now  generally 
used  ia  the  cyliudrieid  blower  as  represented  at  Fig.  166.    In  ft  well 

no.  166. 


bored  cast  ii-ou  cylinder  A^  in  which  an  air-tight  piston  C  may  be 
nioved  up  and  down,  the  piston-rod  a  passes  air-tight  through  the 
stuffing  box  ill  (he  centre  of  the  upper  cover.  The  upper  and  Iowa 
parts  of  the  cylinder  comnnmicatc  at  the  opening  b  and  rf/^-Trith 
the  external  air;  while  the  openings  at  g  and  /  convert  the  cyL^der 
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mtL  a  square  box  E.  At  t  and  //  arc  valves  opening  inwards,  at 
^and/ valves  oixruing  outwards.  When  the  piston  descends,  the 
ndve  at  d  clows,  while  that  at  /  opens,  all  the  air  being  driven 
from  the  lower  part  of  the  cylinder  into  the  apace  E.  But  in  the 
meiui  whdu  the  valve  at  g  is  closed,  while  the  air  presses  through 
the  valve  at  A  from  v^ithout  into  the  upper  part  of  the  cyhnder. 
AVlieu  the  piston  again  rises,  b  closer,  and  all  the  air  forced  in  by 
the  descent  of  the  piston  is  carried  through  the  opening  at  g  into 
the  box  b,  while  /  is  closed,  and  the  under  part  of  the  cylinder  is 
again  tilled  with  air  passing  through  the  open  valve  d.  The  air 
c«)mpree(8ed  in  E  passes  to  the  space  occupied  by  the  Sxe  through 
a  ttibe  applied  at  m. 

The  velocit}*  of  the  piston  is  greatest  when  it  passes  the  middle 
of  the  cylinder^  it  diminishes  the  more  the  piston  approaches  the 
upper  or  lower  limit  of  its  course.  Hence  it  follows  that  the  blast 
yieldeil  by  such  a  cylinder  does  not  pass  out  iu  au  uniform  manner 
at  m.  As,  however,  On  unifonn  current  is  necessary  for  most 
smelting  processes,  care  must  be  taken  to  regulate  it.  This  is 
effected  either  by  applying  three  cylinders  to  the  same  air  box  E, 
whose  pistons  do  not  simultaneously  pass  the  middle  point  of  their 
course;  or  by  suffering  the  air  to  enter  from  E  into  a  receiver, 
whose  area  is  very  large  in  proportion  to  the  volume  of  the 
cylinder.  The  larger  this  air  receiver  in,  which  is  termed  the 
reffuialor,  the  less  mtluencc  will  the  irregularity  of  the  movements  of 
the  piston  exercise  upon  the  rcgidarity  of  the  current  of  air  passing 
Out  of  the  regulator. 

As  regulator  for  a  blower  there  is  used  either  an  air-tight 
balloon  of  sheet  iron,  whose  contents  are  from  forty  to  fifty  times 
as  large  as  that  of  the  cylinder,  or  else  the  water  regulator  repre- 
sented at  Pig.  167,  which  is  quite  identical  in  its  nature  with  the 

gasometer,  as  used  for  gas  lighting. 
In  the  box  B  consisting  of  iron  plates 
secured  together  so  as  not  to  admit  of 
the  entrance  of  air,  and  whose  con- 
tents far  exceed  those  of  the  cylinder, 
the  air  jmurs  through  the  tube  D 
^  ~^        from  the  cylinder,  escaping  through 

the  tube  C,     The  air  m  the  box  B  is  enclosed  below  by  water, 
whoso   level  r  r  necessarily  stands   lower  withiji  the  box  than  the 
surface  v  v  without. 
On   the  difference  of  the  heights  of  the  levels  of  the  water 
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aepend  iIm  db^rw  of  coupressiou  of  the  air  at  B,  and  the  velocity 
of  the  dtsdiarge  through  the  tube  e, 

'  Id  order  to  determine  the  preaaorc  of  the  air  in  the  different  ]miM 
of  the  blowing  apparatus,  a  wumometer  is  used,  which,  when  applied 
loUus  especial  purpose,  is  termed  a  wind-meaaurer.  A  section  of  a 
rerr  wdl  eoastracted  instnunent  of  this  kind  is  represented  at 
Fig.  168.  An  hermetically  closed  block-tin 
box  ia  partly  tilled  with  water.  A  tube  a 
piMMirn  through  the  bottom  of  the  box,  having 
a  screw  l>elow,  by  which  it  may  be  secured  to 
the  blower.  The  apparatus  communicatea  by 
means  of  this  tube  with  the  upper  part  of  the 
tin  box,  where  the  air  is  consequently  as 
strongly  couiprcsscd  as  in  that  portion  of  the  ap- 
paratus to  which  the  wind-measure  is  screwed. 
A  graduated  glass  tube  b  ia  connected  with 
the  lower  part  of  the  tin  box.  Water  is 
poured  through  an  opening  in  the  cover  of  the 
box,  until  the  water  in  the  tube  stands  exactly 
at  sero  of  the  graduated  tube,  wlion  the  open- 
ing is  closed  by  a  cork  stopper.  As  soon  as 
the  air  is  compressed  in  the  upper  part  of  the 
tin  box,  the  water  rises  in  the  tube  without 
any  marked  sinking  of  the  level  of  the  water 
within  the  box ;  the  rising  of  the  column  of 
water  above  the  aero  point  of  the  glass  tube  indicates,  thcnrforc,  the 
pressure  sustained  by  the  air  within  the  apparatus.  By  means  of 
the  cock,  the  communication  between  the  tin  box  and  the  glass  tube 
may  bo  interrupted  at  pleasure. 

The  most  simple  form  of  the  bellows  is  sufficiently  well  known, 
but  with  bellows  thus  constructed,  wc  arc  unable  to  engeuder  a 
continuous  current  of  air,  such  as  is  necessary  in  forges  and  i» 
chemical  laboratories.  For  such  purposes  compound  bellows  are 
used,  as  represented  at  Fig.  169.  If  the  upper  division  a  uf  auch 
l>ellow8  be  filled  with  air,  compivased  by  the  weight  resting  upon 
no.  169.  the  upper  cover,  it  can  only  es- 

cape by  the  opening  at  c,  for 
the  value  Ix^tween  a  and  b  closet 
as  soon  as  the  air  bccomi's  more 
strongly  compressed  in  n  than 
in  b.     \W\v\\   the  lower  ntu'farc 
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of  the  space  b  rises,  the  air  ia  comprct(«cd  in  b^  raises  the  valve 
leaduig  U)  a,  and  prcftscfei  into  the  upper  space.  On  the  descent 
nf  the  U)wc«t  Hide,  the  vulvc  b<'twccn  a  and  b  cluscs ;  the  valve 
cominTiiucatinf?  from  6  with  the  air  opcus^  b  is  again  filled 
with  air,  which  is  again  forced  into  the  upper  apace.  It  will 
be  readily  underatood  that  the  pouring  forth  of  air  from  a 
through  the  opening  c  is  not  interrupted  while  b  suppliea  itself 
with  air. 

Laws  of  (he  flow  of  Gases. — The  same  laws  apply  to  the 
velocity  of  the  efflux  of  gases  that  we  have  given  for  liquids, 
that  is  to  say  the  velocity  of  the  ciHux  is 

c=  V2gs^ 
il'»  represent  the  height  of  pressure.  Here,  howevcrj  «  is  a  mag- 
nitude not  directly  given  by  observation  as  for  liquid  bodies ;  s 
designates  the  height  of  the  column  of  fluid,  whose  pressure 
occasions  the  discbarge,  and  which  is  of  the  same  nature  and 
density  as  that  flowing  out.  Gases  coutauied  in  a  vessel  are  not, 
however,  at  any  time  coniprci»Hed  by  a  column  of  air  of  equal 
density,  and  well  defined  height,  for  even  if  the  gas  were  only 
eonipresHed  by  the  pressure  of  the  atmosphere,  the  colunw  of  air 
producing  this  result  is  neither  of  imifomi  density,  nor  nurasurahle 
height.  Therefore,  even  in  this  c^kc,  a  cannot  be  directly  obtained 
from  oLsen'ation.  Tlie  pressure  driving  the  air  from  a  reservoir  is, 
h(jwc\'er,  nstially  racjisured  by  the  height  of  a  column  of  water, 
or  tiierciiry,  observed  by  means  of  a  manometer.  The  valve  of  « 
which  must  be  substituted  in  the  above  fonnula  for  the  velocity  of 
ihc  discharge,  may  therefore,  always  be  computed  from  the  cir- 
stances  obser^'cd. 

The  simplest  case  that  can  be  adduced  is  that  of  air  being  forced 
into  a  vacHum  by  atmospheric  pressure.  The  medium  atmospheric 
prci^ure  equipoises  a  column  of  water  82  feet  in  height,  or 
10,4  metres.  But  the  density  of  the  air  having  to  sustain  this 
mediiun  pressure  is  770  times  less  than  that  of  water ;  a  column  of 
aiTy  therefore,  having  this  density  throughout,  must  have  a  height 
of  770  X  10,4  =  8008  metres  to  counterpoise  the  preasurc  of  the 
atmofiphere.  For  this  case,  therefore,  s  ^  8008"  and  consequently 
c=  i/2x  9,8.8008  =396". 

If  the  air  pour  into  a  vacuum  from  a  reservoir  in  which  it  has 
only  been  comjjressed  by  the  pressure  of  half  an  atmosphere,  the 
velocity  of  the  discharge  will   be  precisely   as  great  as  in  the  last 
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cascj  n8Du*.ly  396"*.  Tlic  reason  of  thia  is  easily  anderntood,  for 
although  the  discharge  is  produced  here  by  a  pressure  of  only  half 
the  quantity  in  the  former  case,  the  air  flowing  out  has  here  only 
half  the  density.  Besides  the  velocity  with  which  the  air  nishcs 
into  a  vacuiuu  is  always  the  same,  whilst  the  pressure  on  which 
this  velocity  depends  may  be  very  various. 

If  the  discharge  be  directed  towards  a  space  already  containing 
air,  although  of  inconsiderable  tension,  the  tendency  to  escape  will 
necesaarily  depend  upon  the  difference  of  the  two  tensions.  If 
we  designate  this  difference  by  a  column  of  air  of  the  height  //, 
and  of  the  density  of  air  more  compressed,  the  velocity  of  the 
discharge  will  be 

We  will  endeavour  to  determine  the  value  of  i7  in  a  case  where 
air  more  compressed  is  discharged  into  atmospheric  air  of  the 
ordinary  tcnsiou.  Let  the  compression  of  the  air  in  the  reaer- 
vuir  be  measured  by  a  column  of  water,  whose  height  wc  will 
designate  by  A.  This  height  h  gives  the  difference  between  the 
tension  of  the  inner  and  the  outer  air,  and  we  have  only  to  deter- 
mine what  must  be  the  height  of  u  column  of  air  of  the  density  of 
the  air  in  the  resen-oir,  to  enable  it  to  countci-poisc  a  column  of 
water  of  the  height  h. 

If  we  had  to  do  with  air  of  medium  atmospheric  pres- 
sure, we  might  substitute  a  column  of  air  of  the  height  of 
770  h  for  the  column  of  water  of  the  height  A.  In  order, 
however,  to  equijwise  the  same  column  of  water  we  want  n 
colunm  of  air  of  smaller  height  if  the  air  be  denser,  the 
requisite  height  bearing  on  inverse  relation  to  the  density  of  the 
air. 

Atmospheric  air  of  average  pressure  which  is  770  times  lighter 
than  water,  is  likewise  compressed  by  a  column  of  water  of  82  feet 
or  10,4  metres,  whose  height  may  be  designated  by  b,  whilst  the 
air  in  the  reservoir  has  to  sustain  the  pressure  of  a  column  of  water 
of  the  height  A'  +  A,  if  b'  designate  the  height  of  a  column  of  water 
corresponding  exactly  to  the  then  hcighth  of  the  barometer.  The 
density  of  air  of  average  pressure  is,  therefore,  to  the  density  of  the 
air  in  the  reservoir  as  b:b*+h,  the  air  in  the  reser\'oir  is,  therefore, 

— T —  times  as  dense  as  the  air  of  average  atmospheric  pressure, 

instead,  therefore,  of  a  column  of  air  of  the  height  of  770  A  of 
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this  more  rarefied  air,  we  must  substitute  a  coluum  of  the  height 

770. A.*    ,  ,. .  i:   1     •  J  •u-        1         f  770, hJ, 

■^     -—  of  this  more  rarefied  air,  and  this  value  of  —^rTt- 

we  must  put  in  the  above   equation   in  the  place  ofH:   for  a 

column  of  air  of  the  height  - .       '    ,  and  the  density  of  the  air  in 

the  reservoir  would  entirely  counterpoise  the  column  of  water  of 
the  height  A.  The  velocity  of  the  efflux  Ls,  therefore,  in  this 
case 


s^2ff 


770  b,h 
A'-f-A   • 


AVe  should  obtaitt  the  quantity  discharged  in  a  second  if  we 
inultiphcd  the  area  of  the  opening  by  this  value  of  c,  provided  that 
the  particles  of  air  flowed  out  in  every  part  of  the  diagonal 
section  with  equal  velocity.  The  quantity  discharged  in  /  seconds 
would  be  according  to  this 

w      r  ,    /o    770b. h 

Experience,  however,  shows,  as  we  have  seen  in  liquid 
bodies,  that  the  actual  quantity  discharged  is  far  smaller  than 
what  is  yielded  by  theory,  and  we  must  multiply  the  theore- 
tical quantity  by  a  definite  factor  /i  in  order  to  obtain  the  actual 
amount. 

For  water,  this  factor  is  Oj&l-,  and  is  almost  entirely  inde- 
pendent of  the  height  of  the  pressure,  increasing  only  very 
inconsiderably  when  the  height  of  the  pressure  dimrnislu^s.  For 
gascfl,  however,  the  value  of  ^  is  very  variable.  According  to 
Schmidt,  who  was  the  first  to  direct  particular  attention  to  this  sub- 
ject, /I  is  equal  to  0,52  at  a  height  of  ])re35ure  of  three  feet  (water) ; 
while  d*Aui)uiason'$  experiments  yield  the  value  of  fi  as  equal  to 
0,65  at  heights  of  pressure,  varying  between  from  0,1  to  0,5 
of  a  foot. 

The  difference  between  the  theoretical  and  actual  quantity 
discharged  depends  upon  causes  analogous  to  those  affecting 
liquid  bodies,  and  we  may,  therefore,  conclude  that  a  con- 
tractio  vena  must  occur,  although  it  docs  not  admit  of  direct 
observation. 

Cylindrical  as  well  as  conical  conducting  pipes,    whether  the 
wide  opening  be  turned  inwards  or  outwards,  increase  the  quan- 
tity of  the   gas  discharged.  ,// 
'al  pressure    of  Gases    in  the  flawing    out.  —  Wlien   ait 
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trini,  there  is   •    rrwirtinifc   to 
from   frirtion,  for  wbarli  a  portioa  ckf  tlu*  tcDsion  of 
pm  mtt   br  uiifcijul,    aiwi   tliti>   be   loit   to 


Th«  prcHnre  suMaincd  br  the  walb  of  tht  tube  from  the  trai 
of   the   air   pMsmg    throogli,    ditninbhes   in    proportion    a» 
Bp|froacbea  its  roouthi  as  we  may  aee  by  applying  manoDieiera 
different  parUi  of  the  tube.     This  is  qait«  analogoa«  to  the  pbei 
mena  obacrvod  in  the  motion  of  liqoida  pawing  throagh  conducti 
tube*. 

Tkr  iibrnimtcnnn  of  suction  takes  place  in  the  motion  of 
prpciaoly  in  tlie  «ame  manner  a»  in  the  e£3ux  of  liquida.  If 
make  tax  opening  of  one  or  two  inches  in  diameter  in  the  bottom 
a  veascl  containing  compre»9cd  air,  the  air  will  escape  with  grcai 
force,  if  we  connect  a  duw:  of  wood  or  metal,  seven  or  eight 
inches  in  diameter  w\ih  the  opening,  it  will  not  be  pushed 
off  after  the  first  resistance  has  been  overcome,  it  will  oscillate 
quickly,  approaching  and  retreating  from  the  opening  within  very 
short  intervals.  The  air  in  the  mean  time  will  escape  with 
much  noise  between  the  disc  and  the  wail.  On  attempting  to 
remove  the  disc,  we  must  use  as  much  force  as  if  it  were  cemented 
&st  to  the  wall. 

This  phenomenon  is  ex])laincd   in   the  followuig  manner :   the 
of  air  Icavmg  the  ojiening  must  spread  itself  in  a  thin  layer 
tke  disc  and  the  wall,  (Pig.  170).     The  density  remwninp 
rt«.  170.  unchanged,  it   must    extend   in 

pro|K)rtion  as  it  approaches  the 
edge  of  the  diac;  it  finds  i^^trlf 
consequently  in  the  snme  case  as 
a  liquid  8trcum  which  is  to  fill 
K  iurrcaaing  diagonal  section  of  a  conical  conducting 
IJbr  disc  and  wall,  a  vacuum  is  formed,  in  couscquenoc 
■luaphcric  air  pressing  from  below  ngainst  the  disc 
^waiL 

(ihw  vxpiTiment  on  a  small  scale  by  blowing  air 

l)|P<mgh  a  tulx'  nt  the  end  of  which  is  a  ilat  smooth 

\  Mhile  blowing  to  the  opening  of  the  tube 

,  Ai    «A*»*\  ^*'   ^^^iill   observe  the  ohnvv  mentioned 

(he  tutkiit  sim]>le   mode  of  mnking  this 
\^  tingi*r*   of  the   open  han<l    closoly 
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together,  a  series  of  intervals  will  still  remain  from  joint  to 
joint;  whilst  the  hand  is  held  thus  horizontally,  with  the  palm 
tamed  downwards,  we  must  apply  the  lips  to  the  space  intervening 
between  the  index  and  middle  finger  (near  the  roots),  and  blow 
with  as  much  force  as  possible.  If  then  a  piece  of  paper,  of  three 
or  four  square  inches  be  applied  to  the  opening,  through 
which  this  current  of  air  passes,  it  will  neither  be  blown  away 
by  this  current,  nor  will  it  &11  by  its  weight  until  we  cease 
Mowing. 
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CHAPTER  I. 

LAWS   OF   THE    NOTION    OP  WAVES    IN    GBNBRAI.,    AND    ESPBCIALLY 
OF    WAVES    OF   SOUND. 

Vibratory  Motion. — If  a  pendulinn  be  bro»igl\t  out  of  its  |v>&ltioii 
of  equilibrium,  aiid  then  left  to  itself,  it  will  in  the  first  place  be 
carried  back  to  a  state  of  equilibrium  by  its  gravity,  but  Imving 
returned  to  that  point,  it  cannot  remain  at  rest,  because 
it  rearhes  it  with  a  velocity,  that  drives  it  nut  of  its  position  of 
equdibrium  j  and  hence  the  pendulum  makes  a  number  of  oscilla- 
tionSj  the  laws  of  which  we  have  already  mentioned. 


FIG.    171. 


The  mutual  position  of  the  particles 
remains  unchanged  in  the  motion  of  the 
pendulum.  If,  however,  the  relative 
position  of  the  particles  of  a  body  be 
disturbetl  by  any  external  cause,  and  if 
any  forces  be  present,  tending  to  restore 
the  original  state  of  equilibrium,  they 
will  also  take  up  an  oscillatory  motion, 
which  differs  essentially  from  the  motion 
of  the  ]}eiuluium  by  the  mutual  position 
of  the  particles  changing  every  moment ; 
wc  have  here,  therefore,  to  consider  not 
only  the  oscillatory  motion  of  un  indivi- 
dual particle,  but  also  the  changes  in 
the    relative    positions  of   the  particles- 

The  oscillatory  movement  of  the  indi- 
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ndual  parts  of  a  body  way  be  i>f  biicJi  a  kind  that  all  particles 
•iiiiullane^msly  eome  into  motion,  simultaneously  pass  the  point  of 
cqiulibrium,  simultaneously  reach  the  maximum  of  their  oscilla- 
lion,  and  aimultaneously  bcgtn  their  retrograde  motion.  Such  are 
the  vibrations  of  a  steel  bar  fastened  at  one  end,  Fig.  171,  and 
of  a  cord  extended  between  two  fixed 
points  (Fig.  172).  Such  vibrations  arc 
termed  by  Weber,  *' standing  nbrations." 

"^ If  the  motions  of  the  individual  parts 

are  of  «n€b  b  kind  that  vibratoi-y  motion  proceeds  from  one 
particle  to  another,  so  that  each  makes  the  same  oscillations  as  the 
preceding  one,  with  the  sole  exception  of  the  motion  beginning 
latcrj  we  have  progressive  vibrations.  By  progressive  vibrations, 
waves  arc  formed.  The  motion,  the  advance  of  the  wave,  is  to  be 
regarded  as  essentially  distinct  trom  the  oscillations  of  individual 
parts. 

Examples  of  wave-motion  are  afforded  by  a  quiet  surface  of 
water,  on  which  we  drop  a  stone;  by  a  long  tense  line,  near  one 
end  of  which  we  strike  with  a  sharp  blow,  the  waves  of  sound  in 
the  air,  &c.,  we  will  consider  these  various  wave-motions  more 
|>articularly. 

The  nbrator)'  motions  may  be  greater  or  smaller,  according  to 
the  cause  of  the  disturbance  of  the  equilibrium,  and  the  nature  of 
the  force,  striving  to  restore  the  particles  to  their  former  condition 
of  equilibrium ;  so  that  the  external  form  of  the  body  may  in  conse- 
quence suffer  either  well-marked  or  inconsiderable  changes ;  the 
vibrations  may  be  slower  or  faster ;  they  may  l>e  so  slow  as  to 
enable  us  to  follow  them  with  the  eye,  and  count  the  several 
oscillations ;  while  on  the  other  hand  they  may  be  so  fast  as  no 
longer  to  admit  of  being  distinguished. 

If  the  vibratory  motion  of  a  body  exceed  «  certain  degree  of 
velocity,  its  combined  effect  may  produce  a  certain  impression  by 
creating  undulatory  motions  in  the  surrounding  media,  by  means 
of  which  they  are  conveyed  to  peculiarly  adapted  organs  of  sense, 
occasioning  to  these  latter  a  characteristic  sensation. 

Thus  vibrations  whose  rapidity  lies  within  certain  limits,  which 
we  purpose  speaking  of  more  fully,  occasion  waves  in  the  air,  or 
in  other  elastic  media,  which  consisting  in  alternate  condensations 
and  mrcfactions  arc  conveyed^  to  the  ear,  and  received  by  that 
organ  as  sounds. 

Incomparably  more  rapid  vibrations  of  the  particles  of  a  body 
- 


conveyed  to  the  cyo  produce  the  impression  of  hglit  by  means  of 
the  uiidulatof)'  motion  of  a  jM-culiarly  clastic  fluid,  which  we  term 
ether. 

A»  the  vibrations  of  sound  as  well  as  those  of  light  are  trans- 
mitted by  uudulatory  niotimis,  we  will  at  once  proceed  to  consider 
the  most  important  laws  connectt»d  therewith,  lH'{!;iiiniug  with 
water  waves,  as  in  theuj  is  incor{K>rated  the  idea  of  a  wave,  and 
because  a  right  comprehension  of  these  will  help  to  elucidate  other 
undulator)'  motions,  as  for  instance,  souud-wavca,  which  furniab 
especially  interesting  matter  of  consideration. 

Water-waves. — If  we  throw  a  stone  into  the  water,  circular 
waves  will  be  formed,  spreading  thcmsrlvea  from  a  centre 
(the  spot  where  the  stone  fell)  in  all  directions  with  luiifonu 
velocity  when  unopposed  by  any  impediiuent.  The  waves  consult 
of  alternate  elevations  and  depressions  succeeding  each  other 
pretty  quickly,  and  continuing  to  spread  outward  from  the 
centre. 

When  a  wave  elevation  proceeds  outward,  the  indiWdual  particle* 
of  water  do  not  share  in  this  advancing  nu>tion,  for  we  see  when  ■ 
piece  of  wood  swims  on  the  water,  that  it  is  alternately  raised  and 
lowered  as  the  wave  elevations  and  depressions  uniformly  glide 
away  from  under  it. 

TJie  force  by  which  the  water-waves  arc  propagated  is  gravity, 
for  if  from  any  cause  on  elevation  or  a  depression  be  produced  od 
the  hori7.ontal  surface  of  the  water,  the  gravity  of  the  separate 
particles  of  water  will  endeavour  to  restore  the  disturbed  horizoutal 
plane,  by  which  means  an  oscillatory  motion  is  produced,  which 
by  degrees  is  propagated  from  one  particle  to  another. 

As  soon  as  regular  waves  have  been  fonned,  the  separate  particles 

of  water  on  the  surface  describe  during  the  advance  of  the  wave 

curves    returning    into    themselves,    which    in   cases   of  extreme 

ref<ularity  arc  circles,  while  in  cases  where  the  front  of  the  wave 

elevation  is  not  equal  to  the  succeeding  one,  the  individual  particles 

of  water  describe  curves  which  arc  not  closed,  and  such  as  wc  have 

no.  173.  pio,  174.      represented  at  Figs.  173  and  174. 

^_^  /^""^"^  ^'  "*  ^^^  consider  somewhat  more  atten- 

\^_^      v_;r  tivcly,  the  connection   between   the   motion 

of  the  individual  particles  of  water  and  the  propagation  of  the 

wave. 

Let  us  assume  that  a  regular  undulatory  motion,  advaucing  from 
left  t(»  right,  spread  itself  to  the  particle  of  water  0  in  Fig.  175, 
obliging  it  to  describe  a  circular  course.     Now  while  the  particle  0 
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rumpleU»,     for     the   Hrsl    tiuic,     it»     circuLu'    cnursf,    motion   i» 
propagated  to  a  certaiu  distance.     Let  thi:  parlick"  marked  12  be 
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the  one  to  which  the  vibratory  motion  is  propa^ited  from  0,  while 
0  pt-rfomis  its  rcvohition ;  then  will  13  begin  its  first  revolution  at 
the  inoutcnt  that  0  enters  upon  ita  second. 

If  we  now  suppose  the  circiunferencc  of  the  circle  described  by 
the  particle  0  to  be  divided  into  12  equal  parts  as  well  aa  the  space 
inter^eniug  between  0  and  12,  the  uudulutory  motion  in  the 
direction  from  0  towards  12  vnW  always  advance  one  division 
further,  whilst  the  |>articlc  0  describes  ,l,th  of  its  circular  course. 

While  the  particle  0  describes  the  first  12tli  part  of  its  course, 
the  undulatur)'  nuition  extends  to  1  ;  and  while  0  is  passing  over 
the  first  quarter  of  its  course,  the  same  motion  is  transmitted 
to  3. 

Fig.   176  represents  the  moment  in  which  the  particle  0  has 

no.  176. 


the  quarter  or  -fyih  of  the  circle ;  the  particle  1  ha-s  at 
moment  passed  over  i^ths;  the  particle  2  J^th ;  while  the 
particle  3  is  not  yet  displaced  from  ita  position  of  equili- 
brium. 

Fig.  177  shows  the  moment  in  which  the  particle  0  has  travcrsetl 
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half  its  course";  the  particle  1  i^ths;  the  particle  2  n^ths;  and  the 
particle  3  I'^ths  of  their  course ;  while  the  particles  4  and  5  arc  in 
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the  same  position  as  the  ]>articlcs  1  mid  2  of  the  former  figun\, 
The  particle  G,  although  not  removal  frou)  its  equilibrium,  is  iibuutj 
to  begin  its  motion. 

The  particle  3  has  reached  its  lowest  point;  here  ia  the  centre | 
of  a  wave-depression. 

If  now  -iMh  of  the  tiraS^m|necos8ary  for  a  part.iele  to  complete  its 
circuit  be  passed,  the  particfe  3  will  have  come  into  such  a  position 
with  reference  to  its  original  place,  as  is  now  the  case  with  the 
particle  2  ;  a»id  the  particle  4  will  have  reached  its  lowest  position, 
being  \  of  the  circle  removed  fi*om  its  ]>osition  of  equilibrium; 
the  wave-depression  has,  therefore,  advanced  from  S  to  4  in  thisfl 
intcnal  of  lime.  " 

Fig.  178  represents  the  moment  in  which  the  particle  0,  having 

na.  178. 
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traversed  ^th  of  its  course,  has  R'nohcd  tiie  highest  point  of  its 
circuit ;  here,  therefore,  is  the  summit  of  a  wave-elevation.  The 
particle  1  has  traversed  ^"-^ths ;  the  particle  2  -iV^^^  i  ^nd  3  Vr^*  °^ 
its  course  ;  the  particles  4,  5,  6,  7,  8,  are  in  the  same  position  as 
1,  2,  3,  4  and  5  of  tlie  former  figure.  From  the  moment  repre- 
sented in  Fig.  177  to  the  moment  shown  in  Fig.  178,  the  wave- 
depression  has  moved  from  3  to  6.  ^ 

Wliiist  the  jiarticle  0  is  traversing  the  last  quarter  of  its  course,  V 
tlie  wave-elevation  advances  from  0  to  3,  and  the  depression  from 
6  to  9  ;  while  at  the  same  moment  that  0  has  ended  its  course  for 
the  first  time,  and  is  entering  upon  a  second  circuit,  the  particle 
12  begins  its  coiirse  for  the  first  time. 

This  moment  is  represented  in  Fig.  179,  which  needs  no  further 
explanation. 
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Fig.  180  repreeenta  the  moment  in  which  0  haa  travur«cd  its 

no.  180. 


roarsc  a  second  time;  at  this  time  12  will  have  made  its  first 
circuit ;  raotiun  been  trananiitted  to  24^,  a  wave-elevation  is  seen 
at  3,  another  at  15;  one  wave-depression  at  9,  and  another 
ftt21. 

If  the  undulatory  motion  continue  uninterrupted^  the  individual 
particles  of  water  will  likewise  pursue  their  circuits ;  the  wave- 
clevationH  as  well  as  the  wave  depresi^ionH  advancing  uniformly 
from  left  to  right,  while  one  particle  after  the  other  reaches  the 
highest  and- lowest  point  of  its  circuit. 

Thus  the  wave-elevations  and  depressions  advance  owing  to  the 
same  circular  motion  being  imparted  to  all  the  particles  of  water, 
each  entering  upon  that  motion  successively. 

The  distance  between  two  adjacent  particles  in  similar  conditions 
of  vibration,  is  called  the  length  of  n  wave  ;  as  the  distance  between 
0  3nd  I2r  and  between  12  and  2i,  these  particles  beginning  their 
oscillation  simultaneously,  and  reaching  simultaneously  their 
highest  and  lowest  points.  According  to  this  the  distance  from 
the  BuniBjit  of  o»ie  elevation  to  the  next,  as  from  3  to  15  in 
our  figure,  or  from  the  middle  of  one  de|)rc8sion  to  the  middle 
of  the  next,  as  from  9  to  21  constitutes  likewise  the  length  of  a 
wave. 

Those  particles  that  are  removed  {  of  the  length  of  a  wave  from 
each  other,  as  0  and  0,  3  and  9,  9  and  15,  are  always  in  opposite 
conditions  of  vibration.  Tlie  particle  9,  for  instance,  fonns  the 
lowest  point  of  a  depression  ;  3  and  15,  on  the  contrary,  the  summit 
of  wavc-elcvations.  The  particles  0  and  6  arc  certainly  both  in 
their  position  of  equilibrium,  but  the  motion  from  0  is  directed 
downward,  while  that  from  6  is  directed  upward. 

The  time  required  by  a  particle  to  complete  an  oscillation  is 
termed  the  time  of  an  oscillation ;  whilst  n  particle  is  coniplcting 
an  oscillation,  the  wave  advances  a  lungth. 

Linear- waves. — As  has  been  already  remarked,  the  courses  of  the 
particles   of  water   arc  not    always   stnctly  circular,  as  we   have 
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assumed  ihem  to  be  iu  our  figures,  or  even  curves  returnhig  into 
themselves.  This  circular  course  is  oflen  converted  into  au  elliptical 
foriii,  sometiuR'S  the  horizontal^  sometimes  the  vertical  diameter 
bring  the  greater.  If  the  horizontal  diameter  were  null,  the  sqM- 
rate  particles  would  merely  oscillate  up  and  down  at  right  angles 
to  the  direction  in  which  the  waves  are  propagated.  This  kind 
of  motion  propagates  the  waves  along  a  stretched  cord.  We  aliall 
on  a  future  occasion  have  more  to  say  regarding  this  kind  of 
uiidulatory  motion  when  we  enter  upon  the  theorj*  of  light. 


nn.  Ifll. 

The  lines  marked  from  1 
to  6  in  Pig,  181,   are  de- 
signed   to     illiwtmtc    the 
trunHmission  of 'such  linear 
waves.     These  lines  corres- 
|>Qud   accurately    with   the 
Figs.    176   to    180,    being 
derived  from  the  latter,  on 
setting  down  the  horizontal 
]Kirt  i»f  the  motion  as  null ; 

and  they  will  noi,  therefore,  requii*c  any  further  explanation. 

If  a  linear-wave  advancing  towards  one  fixed  point  reach  that 
point,  it  will  Ijl-  rejected  returning  to  the  other  end,  and  will  pass 
many  times  biickuiirds  uud  forwards.  But  it'  new  waves  be  conti- 
nualty  formed^  they  will,  in  meeting  the  retlected  waves,  (orm  starui' 
ing  waves  from  the  combined  action  of  the  two  systems  of  waves. 

Wc  will  not  here  pause  to  consider  any  further  the  formation  of 
stavdiny  Heaves  by  the  combined  action  (interference)  of  the  direct, 
and  the  rrllertcd  wiive-system,  since  wc  jmrpose  tn-atin^  more 
fully,  and  un  Miiniliu-  principles,  of  the  formation  of  standing  air- 
waves, de|ven(liug  on  the  interference  of  a  direct  and  reflected  wave 
Rystem  ;  at  preKciit  we  will  limit  oni*selves  t<»  the  consideration  of 
the  kind  of  niolion  nmnifested  in  w  line  or  cord  during  such 
standing  vibrations. 

The  most  simple  case  is  where  the  line   vibrates  throughout  its 
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length  as   represented  in  Fig.  182.     This  motion  may  be 

brought  about  by  removing  the 
centre  of  a  moderatrly  tensely 
drawn  line,  Komewhat  out  of  its 
equilibriuiu  (which  is  best  done 
by  moving  it  somewhat  to  the 
right  or  left)  and  then  leaving  it 
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to  itself.  All  the  particles  are  simultaneously  on  one  and  on  the  other 

side  of  the  position  of  equilibrium  ;  they  8imultaneoui*ly  attain  the 

maximum  of  their  distance  from  the  point  of  equilibrium  on  the 

ht  side,  and  simultaneously  come  to  the  extremities  of  their 

ursc  on  the  other  side.     The  particles,  therefore,  whose  points  of 

uilibrium  are/,  d  and  y,  simultaneously  reach/',  d*  undy';  and 

simultaneously  passing  their  point  of  equilibrium,  moving  in  the 

same  direction,  they  simultaneously  come  to/',  rf"  and  y". 

AVhile  all  the  particles  are  always  at  the  same  time  in  similar 
conditions  of  equilibrium,  the  amplitude  of  their  oscillations  is 
alone  different,  being  greater  for  the  1)31*1  iclc  d  than  for  / 
and  ff* 

The  oscillations  of  a  tense  string  disturbed  from  its  position  of 
^^Ayiiilibrinm,  or  those  induced  by  a  bow  drawn  across  the  middle  of 
^H|p  Icngthi  are  of  the  same  kind.  But  the  vibrations  of  the  string 
^^vc  so  rapid,  that  the  separate  oscillations  can  no  longer  he  distin- 
^^Biiahcd,  but  on  the  contrary  only  a  tone  is  produced.  We  ahnll 
^Hhve  once  more  further  to  consider  the  vibrations  of  the  cord  with 
■      reference  to  this  tone. 

^^     The  vibrations  of  a  somewhat  loosely  strung  cord  arc  slow  enough 

^Bp  be  counted  ;  it  is  difficult,  however,  to  produce  a  wholly  regular 

^HiAcillatory  motion   in  the  manner  indicated,  if  we  bring  the  middle 

HBt>f  the  line  out  of  its  equilibrium  from  below,  since   in   that  case 

[      not  only  the  elasticity  of  the  Hne  will  bring  back  tht-  particles  to 

their  conditions  of  equilibrium,  but  gravity  will  also  net ;  hut  if  we 

I      move  the  middle  of  the  line  out  of  its  equilibrium  to  the  right  or 

■pdt,  the  motion  is  partially  that  of  the  pendulum,  because  if  the 

r'   line  be  not  too  tightly  strung,  the  middle  always  hangs  somewhat 

down ;  if,  however,  we  draw  it  tighter,  the  vibrations  become  too 

rapid  to  be  distinguished. 

These  regular  vibrations  in  a  string  arc  beat  distinguished,  if  one 

of  its  cxtreuiities  be  fastened,  while  the  other  is  held  in  the  hand, 

d  nuide  to  deseribf  small  circles  with  uniform  velocity.     \Vhen 

c  find  the  ri^ht  degree  of  rapidity   for  the  motion  of  the  hiuid, 
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and     here,    therefore, 
is    formed.      In     Fig. 


which  is  easily  done,  the  string  will  fall  into  such  motion,  that  its 
centre  will   describe  a  large  circle  around  its  {xiint  of  equilibrium. 
All  the  other  points  of  the  line  then  turn  likewise  in  circles  round 
their  positions  of  equilibrium ;  the  circles  being  smaller,  the  nearer  f 
the  points  lie  to  the  extremities. 

If  wc  accelerate  the  motion  of  the  hand,  the  regularity  of  the 
motion  of  the  string'will  be  disturbed ;  it  is  easy,  however,  so  to 
accelerate  the  rapidity  of  the  motion  of  the  hand,  that  there  shall 
be  a  point  of  rest  in  the  middle  of  the  string.  Each  half  will 
vibrate  exactly  as  did  the  whole  line  in  the  former  case ;  the 
middle  of  each  half  descrihcs   larger  circles  than  the  other  points, 

a    belly 
183  we 
have    represented    two    vrntrnl 
points,  and  one  node,  for  thus 
we   term   the   resting    point    A. 
cM'panitinj:  the  two  vibrating  portions. 

When  /  reaches  its  highest  point,  m  attains  its  lowest  position, 
and  conversely. 

By  increased   rapidity  of  the  hand,  wc  can   easily  succeed  in 

producing     two     nodes,     and     three 
bellies  as  represented  at  Pig.  IS'k 

lit   the   same   manner  the  luie  may 
be   divided  into  many   parts,    alwa^ 
separated  by  a  node. 

The  nodes  may  also  be  observed  in  tense  cords.     Fig.  185  repi^ 

scnts  a  tense  cord  from  which 
\  of  the  length  has  been  aepa- 
•„:;^;^^^-;;:tr^ji^_^  ■•^.-1^..^-- — -  _.  ratcd  by  menus  of  «  bridge, 

which  so  divided  the  cord 
into  two  parts,  that  the  one  is  twice  as  long  as  the  other.  On 
touching  the  smaller  parts  with  the  bow,  the  other  portion  will 
fall  into  vibrations,  and  one  node  at  n,  and  two  bellies  at  v  anil 
rf  will  be  formed.  The  position  of  these  nodes  is  proved  by  little 
figures  of  pH[>er  remaining  Hxed  at  these  points,  which  fall  off  at 
other  parts  of  the  enrd. 

If  we  so  arrange  the  bridge,  that  the  string  is  divided  into  two 
parts,  of  which  the  one  is  only  \\X\  the  length  of  the  other,  we 
shall  have  two  nodes  and  three  bclliea  on  touching  the  string 
with  the  how. 

In   metallit'  plates,  bells,  ifcc,  regular  vibrations  may   alao  be 
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produced.     In  order  to  make  plates  vibrate,  we  uiuy  use  the  vice 
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shown  in  Fig.  1 86,  which  must  be 
tirmly  fastened.  The  plate  is  placed 
between  the  cylinder  a  and  the  screw 
6,  both  of  which  terminate  in  a  piece  of 
cork  or  leather.  If  the  plate  be  suffi- 
ciently well  screwed  on,  we  may  produce 
nbrations  hy  strokes  of  the  bow. 

We  may  then  cause  plates  of  wood,  glass,  metal,  &e.,  to  vibrate, 
whether  they  be  triangular,  square,  round,  elliptical,  &c.  The 
vibrating  plates  produce  like  the  vibrating  cords,  tones  which  arc 
sometimes  high,  ami  sometimes  low.  It  is  ob8cr\'cd  further  that 
the  plates  may  be  separated  into  vibrating  parts,  and  lities  of  repose 
or  nodal  bncs  for  each  one  of  these  tones.  In  genera]  the  exten- 
sion of  the  vibrating  parts  diminishes,  and  consequently  the  nodal 
lines  become  more  numerous,  as  the  tone  rises. 

In  order  to  prove  the  existence  of  these  nodal  lines,  we  may 
j^rcw  fine  dry  sand  on  the  upper  surface  of  the  plate,  when  the 
d  will  rise  and  full  during  the  tone,  and  at  last  accumulate 
apon  the  nodal  lincR.  In  this  manner  arise  the  sound-fignres  as 
they  were  named  by  their  disco\'erer  Chladnt. 

A  niunber  of  different  figures  may  be  produced  by  means  of  the 
same  plate,  areording  as  we  move  the  bow  more  or  less  violently, 
or  with  more  or  less  rapidity,  or  again  according  as  we  change 
the  point  of  supixirt  of  the  plate,  and  tcmch  various  parts 
of  its  edge. 

At  Figs.  1B7  and    188,  a  numbcr 


of  sound  figures  are  rcprc- 
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rtcd  as  produced  \>'ith  a  stpinre  plate.     For  example,  in  order 
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to  obtain  the  cross  whose  arms  unite  the  middle  points  of  the 
])arall(rl  sides  of  the  »qnare  (see  the  first  figure)  wc  must  fix  the 
middle  of  the  plate,  and  move  the  bow  at  one  comer.  By  filing 
the  middle  of  the  plate,  and  moving  the  bow  in  the  middle  of  one 
side  of  the  square,  we  form  a  cross,  whose  arms  unite  the  opposite 
comers  of  the  square  Fig.  1 88. 

Triangular  and  polygonal  plates  yield  similar  results. 
Trnrufmission  of  sound  through  the  atmos^j^t^e. — The  vibratory 
motion  of  any  body  surrounded  by  air  gives  rise  in  it  to  an  unda- 
tatory  motion,  which  on  being  transmitted  to  the  ear  produces  the 
sensation  of  sound.  Generally  speaking,  it  is  by  means  of  the 
atmoHpherc  that  the  S4mnd-waves  are  trausuiittcd  to  our  organs  <if 
hearing,  but  still  all  other  elastic  bodies,  solid  as  well  as  flu  til,  tu-u 
capable  of  conducting  sound  more  or  less  perfectly.  Sound  cannot, 
however,  be  transmitted  in  a  vacftum.  Lc*t  us  hiy  a  small  cushion 
of  wool  or  cotton  in  the  middle  of  the  plate  of  the  air-pump,  on 
the  top  of  thin  a  piece  of  clock-work  provided  with  a  little  l>cll, 
and  which  can  l>c  made  to  strike.  Over  the  whole  is  placed  a 
bell  glass,  provided  above  with  a  leather  cap,  through  which  a  rod 
passes,  by  whose  turning  the  clock-work  is  set  into  action.  At  the 
instant  the  works  begin  to  act,  the  clapper  strikes  at  the  intervaln 
u]K)n  the  bell ;  no  sound,  however,  will  be  heard,  if  the  bell  have 
fii*st  been  exhausted.  On  gradually  admitting  the  air,  we  distin- 
guish the  tone  becoming  louder  and  louder  as  the  bell  become* 
more  filled  with  air.  Sound  cannot,  therefore,  be  propagated 
through  a  vaciunn. 

The  loudest  noise  on  earth  cannot,  therefore,  penetrate  beyond 
the  limits  of  our  atmosphere,  and  in  the  same  manner  not  the 
faintest  sound  can  reach  our  earth  from  any  of  the  other  planets ; 
thus  the  most  fearful  rxph)sioiis  might  take  place  in  the  moon, 
without  our  hearing  anything  of  thtin. 

Sftwtsure  asserts  thai  the  discharge  of  a  pistol  makes  less  noise  on 
the  summit  of  Mont  Hlanc,  than  the  report  of  a  small  toy  cannon 
fired  off  in  the  vullcys  below;  and  Gat/  Lussac  f<iund  that  when  he 
had  risen  in  his  balloon  to  an  elevation  of  700  metres,  anil  was 
conscq\u*ntly  in  a  liighly  varificd  atuiosphcre,  his  voice  had  lost 
very  much  of  its  intensity. 

Sound  Tiiny  diffuse  itself  nut  only  through  the  atmosphere,  but 
through  all  kinds  of  gases  mul  vapours.  Toprove  this,  we  will  hangaB 
little  bell  to  an  untwisted  hemp  line  in  a  large  balloon  (see  Pig.  189).  " 
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If  tlie  air  be  exhansted  in  the  balloon,  we  shall  no 
longer  hear  the  sound  of  the  bell;  as  soon,  however,  aa 
a  few  dnipa  of  a  volatile  fluid,  as  for  instance,  elher^ 
be  inlnnluced  into  the  balloon,  vaponr  will  be  imme- 
diatelv  formed,  and  the  tone  will  again  become 
audible.  Sound  is  readily  transmitted  in  wat«r; 
the  diver  caii  hear  what  is  said  on  the  shore,  while 
persons  on  the  shore  can  distinguish  the  noise  maile 
by  the  concussion  of  two  stones  at  great  depths 
below  the  surface. 

Solid  bodies  can  not  only  produce,  but  also  transmit  sound.  If 
we  apply  the  ear  to  one  extremity  of  a  beam,  20  or  30  metres  in 
length,  we  can  clearly  hear  a  slight  tap  made  at  the  other  end  of 
it,  although  the  sound  may  be  so  indistinctly  n^nvcyed  by  the  air 
tliat  the  person  causing  the  noise  may  be  scarcely  conscious  of  it. 

In  order  to  pom])rehend|IIjc^-ay  andlmanner  in  which  vibrations 
of  touDd  arc  transmitted  through  the  atmosphere,  we  will  suppose 
the  air  at  one  end  of  an  open  tube  to  be  put  into  a  condition  of  oscil- 
lation by  the  vibratory  motion  of  a  piston  applied  at  the 
other  extremity. 

Fig.  190  represents  such  a  tube;  the  lines  drawn  at 
equal  distances  designate  strata  of  air  of  equal  density  ; 
p  is  the  pi8ton  which  moves  rapidly  backwards  and 
forwards  along  the  distance  a  g,  Fig.  191. 
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Such  an  oscillating  motion  cannot,  as  we  have  already  said,  be 
nniform.  Let  us  suppose  the  time  necessary  for  the  piston  to  move 
backwards  and  forwards,  that  is,  from  a  to  g,  and  again  from  g  back  to 
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a,  to  be  divided  into  twelve  equal  ports  ;  it  will  travcne  in  the  first 
of  theae  periods  the  distiince  a  by  in  the  second  the  distance  6  e,  in 

the  third  c  rf,  &c. ;  the  motion  which  was  at  first  slow,  increases 
therefore  in  rapidity,  which  at  the  end  of  the  third  period  of  time 
IB  at  its  maximum  ;  at  the  sixth  division  of  time  it  is  at  0,  when 
the  piston  reaches  the  right  extremity  of  its  course,  and  then 
begins  its  retrograde  motion. 

We  obtain  the  points  hcdj  kc,,  by  drawing  a  circle,  whose 
diameter  a  p  is  equal  to  the  amplitude  of  the  oscillation,  dividing 
the  circumference  of  this  circle  into  twelve  etpial  parts,  and  letting 
fall  perpendiculars  from  these  points  upon  a  g. 

Now  this  motion  of  the  piston  is  transmitted  by  degrees  to  all 
the  separate  layers  of  air  of  the  tube,  each  of  which  will  afW  a 
time  make  the  same  oscillations  as  the  piston  ;  the  motion  begin- 
ning later  in  proportion  as  each  layer  is  fnrther  removed  from  the 
piston. 

If  the  air  were  |)erfectly  unelastic  and  rigid,  the  whole  column 
of  air  in  the  tul>e  would  be  pushed  out  by  the  motion  of  the 
piston,  all  the  separate  layers  of  air  acquiring  simultaneously  the 
motion  of  the  piston  ;  but  air  is  elastic,  and  motion  is  only  gradn- 
ally  ])ropagated  by  the  layers  nearest  the  piston  being  first 
compressed,  and  then  by  their  elasticity  acting  upon  the  suc- 
ceeding ones. 

If  we  consider  the  condition  of  the  air  at  the  moment  at  which 
the  piston,  after  the  beginning  of  its  motion,  has  traversed  half  its 
course  towards  the  right,  being  consequently  removed  the  distance 
a  d^9&  represented  in  Fig.  193,  from  its  original  position,  wc  shall 
see  that  motion  has  only  been  transmitted  to  the  layer  of  air, 
marked  3 ;  that  is  to  say,  the  layer  of  air  3  is  still  in  its  origtnRl 
lK)sition  ;  the  xsxx  between  it  and  the  piston  being  compressed,  this 
layer  3  is  also  urged  forward,  and  thus  begins  its  motion. 

The  layers  of  air  1  and  2  (not  marked  in  the  figure,  because 
from  their  position  there  can  be  no  doubt  which  are  intended], 
have  begun  their  motion  subsequently  to  that  of  the  piston,  and 
arc  therefore  not  so  far  removed  from  their  original  position.  Thf 
layer  1  began  its  motion  later  by  V^th  of  time  necessary  for  ihe 
piston  to  pass  backwards  and  foi-wards ;  the  layer  2,  -fV^l^s  ^^ter 
1  has,  therefore,  been  moved  the  distance  a  c  from  its  original 
position,  and  2  only  the  distance  a  b. 

In  this  manner  the  mutual  ]josition  of  the  layers  of  air  bet 
3  and  the  piston  may  be  ascertained  us  exhibited  in  Fig.  192 
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Fi^.  193  shows  the  piston  at  the  nionicnt  in  which  it  has 
reached  the  right  end  of  its  course,  and  consequently  is  removed 
the  distance  a  g  from  its  original  iK)sition.  Motion  has  in  the 
meuxx  time  been  transmitted  to  the  layer  of  air  6,  which  then 
bepna  to  move. 

The  piston  has  just  come  to  rest,  and  is  about  to  begin  its  retro- 
grade motion ;  3  has,  however,  just  attained  the  greatest  velocity  in 
its  motion  from  left  to  right. 

The  layers  of  air  are  removed  from  their  original  position  as 
represented  in  Fig.  190  to  the  distances  represented  in  the  accom- 
panying table. 

The  layer   1    is  removed  to  the  distance  a  f 
it         2  „  „  „         a  € 

}>         S  „  „  „         a  d 

tf  *  i>  )i  n  ^  ^ 

«  6  „  „  ,,  nb 


Fig.  193  represents  the  position  above  indicated  of  the  various 
layers.     The  greatest  condensation  of  the  air  occurs  at  3. 

While  the  piston  now  returns  from  its  position  at  Fig.  193  to  its 
original  situation,  motion  is  propagated  to  the  layer  12;  this  layer 
of  air  begins  its  motion  for  the  first  time  at  the  same  moment  in 
which  the  piston  begins  a  second  time  to  move  towards  the  right. 
This  ]>o8ition  of  the  separate  layers  of  air  between  12  and  the 
piston  as  represented  at  Fig.  194,  takes  place  by  the  following 
consideration. 

Millie  the  piston  and  the  layer  of  air  12  assume  their  original 
position,  and  are  momentarily  at  rest,  all  the  intermediate  layers  of 
air  arc  removed  from  their  original  positions ;  all  the  layers  of  air 
between  the  piston  and  6  have  a  retrograde  motion  from  right  to 
left,  while  those  between  6  and  12  go  from  left  to  right.  The 
layers  of  air  are  removed  from  their  original  positions^  as  indicated 

the  table  below. 

The  layer   1  is  removed  the  length  a  b 

2  „  „  rt  c 

8  „  „  nd 

4  „  »  fl  ^ 

5  „  „  «/ 


6 


^9 


190       TRANSMISSION  OF  SOUND  THROUGH  THE  ATMUSrHKHK. 

The  layer   7   ib  removed  the  length  a  J 

«         8  )i  ..  « « 

„         y  i.  If  a*' 

„       10  „  »  ac 

„       11  »  »  «* 

..       12  ,.  „  0 


no.  195. 


/ 


We  see  here  that  at  9  there  is  the  greatest  condensatiou,  and  at 
3  the  greatest  rarefaction  ;  the  layer  3  has  just  attaiued  its  greatest 
velocity  towards  the  left,  and  the  layer  9  towards  the  right. 

If  now  the  piston  reuiaiu  at  re«t,  the  layers  1, 
2,  3,  4,  &c.,  will  successively  return  to  their  original 
positions,  remaining  at  rest  while  motioii  is  truis- 
niitted  towards  the  right;  at  the  uonient,  for  in- 
stance, in  which  3  recovers  its  original  position,  motion 
will  be  transmitted  to  15 ;  the  maximam  of  con- 
densation will  be  at  12,  and  the  maximam  of  rare- 
faction at  G;  at  the  moment  in  which  12  recovers 
its  original  fKisition,  the  maximum  of  condensation  has 
advanced  to  15,  and  the  maximum  of  rarefaction  to  21, 
when  the  layer  24  begins  its  first  motion. 

From  the  pistcm  to  12  there  is  one  wave,  from  12 
to  24  a  second ;  for  the  length  of  a  wave  is  the  dis- 
tance; between  two  particles  in  similar  conditions  of 
oscillation  ;  the  piston  and  the  layers  12  and  24  begin 
their  motion  simultaneously  to  the  right;  they  traverse 
their  eoiirsc  in  the  same  direction,  returning  in  like 
time  and  manner. 

Each  wave  consists  of  a  rarefied  and  a  condensed 
part ;  the  former  corresponding  to  the  wave  depression, 
the  latter  to  the  wave  elevation  of  water-waves. 

Tlic  distance  from  one  point  of  the  maximum  of 
density  to  the  next,  that  is  from  9  to  21,  and  likewise 
the  distance  from  one  point  of  the  maximum  of  rare- 
faction to  another,  consequently  from  3  to  15  is  also 
the  length  of  a  wave. 

Fig.  195  represents  the  moment  in  wliich  the  piston 
having  completed  its  oscillation  for  the  third  time,  has 
created  three  perfect  and  successively  advancing  wares. 
The  layers  that  move  in  the  same  direction  arc  indi^ 
rated    in    the    figure    by    being    joined   together   by 
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■packets.  The  middle  of  one  of  these  divisions  ad  ways  rorres- 
HHids  to  a  maiimum  of  condensation  or  rarefaction,  the  layers 
of  air  being  at  tlie  Ikighest  |H)iiit  of  their  s|}eed  citlier  to  the 
light  or  left.  T!ie  layers  of  air  occurring  at  the  points  of  contact 
of  two  brackets  are  momentarily  at  rest,  being  either  at  the  right 
*>r  left  extremity  of  the  course,  which  they  traverse  during  their 
vibrations. 

Sincej  as  we  shall  presently  see^  the  speed  with  which  sound- 
waves are  transmitted  is  independent  of  the  time  during  wliich  each 
individual  ])arlicle  niukea  a  complete  oscillation,  and  since  the 
ware-length  is  the  distance  which  a  wave  advances  whilst  a  single 
layer  of  air  is  completing  a  perfect  oscillation,  it  is  clear  that  the 
wave-length  increases  in  the  same  proportion  as  the  time  of  oscilla- 
tion for  the  separate  layers  of  air.  If  the  piston^  and  consequently 
the  succeeding  layers  of  air,  require  double,  triple,  and  quadruple 
the  time  to  make  one  oseUlation,  that  is  one  biickward  and  foi-word 
motion,  the  wave-length  would  become  twice,  thrice,  or  fourfold 
as  great. 

AVe  have  here,  for  the  sake  of  simplicity,  considered  the  propa- 
gation of  air-waves  in  a  tube;  waves  in  free  air  are,  however, 
transmitted  in  the  same  manner  from  oscillating  l>odie«  in  all 
direetiona ;  as  circular  waves  arc  fonncd  amund  the  spot  in  the 
water  in  which  the  stone  has  fallen,  so  also  do  spherical  air-waves 
arise  round  the  oscillating  body. 

We  have  now  seen  the  manner  in  which  sound  (meaning  thereby 
all  action  on  the  organs  of  hearing)  arises  and  is  propagated  ;  the 
impressions  produced  upon  our  hearing  are,  however,  very  various 
in  their  nature.  The  sound  heard  from  a  sudden  and  single  blow, 
as  firom  an  explosion  or  any  other  euuse  producing  strong  condensa- 
tion of  the  air,  and  then  advancing  in  the  manner  already 
considered  without  being  succeeded  by  further  waves,  is  termed  a 
report ;  a  sound,  on  the  contrary,  arising  from  regular  oscillations, 
and  propagated  by  regularly  succeeding  equal  waves,  is  called  a 
tone.  If  the  uudulatory  motion  transmitted  by  the  sound  to  the 
car  become  more  and  more  irregular,  the  tone  is  converted  into 
noise. 

There  are  gre^t  differences  between  toneSt  the  greatest  being 
that  manifested  between  high  and  loxo  tones.  The  height  of  the 
tone  is  proportional  to  the  shortness  of  the  times  of  oscillution  of 
the  body  producing  it,  and  to  the  shortness  of  the  air-wave  pro- 
pagating it. 
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ne  nrfwiwl^  of  Uk  tone  docs  not  depend  upon  the  times  of  the 
oacdbtioBS  or  the  vave-kngth,  bat  upon  the  aaiplitudc  of  the 
tke  greater  tbe  latter  is  in  the  soundiiijr  l>ody,  the 
is  the  anMMiBt  of  condensation  and  the  succml- 
iDg  nrefaetioD  of  the  air-vBTCS  transmitting  the  tone. 

The  aoarf  or  ^f^^  of  the  tone  is  far  more  difficult  to  define 
than  its  intensity;  at  an  eqoal  elevatiofn  of  tone^  the  character  of 
the  times  produced  firom  a  violin  are  very  different  from  tboee  of  a 
ftnte ;  natural  philosophers  are  not  agreed  as  to  the  cause  of  this 
difference,  but  it  is  probable  that  it  depends  upon  the  order  in 
which  the  velocities  and  the  changes  of  density  succeed  each 
other  in  the  different  layers  of  air  intervening  between  the  two  ends 
of  the  waves ;  and  that  in  many  cases  the  condensed  and  rarefied 
parts  of  the  same  may  be  unsymmctrical. 

Velocity  ofSctind. — AH  tones,  whatever  be  their  knight  or 
their  intensity  or  quality  are  propagated  through  the  atmosphere 
with  equal  velocity,  for  if  different  persons  listen  to  a  concert  from 
different  distances,  they  hear  exactly  the  same  measure  and  har- 
mony, which  would  be  impossible  if  the  higher  tones  advanced 
with  greater  or  less  rapidity-  than  the  lower  tones. 

While  light  is  propagated  with  a  velocity  that  cannot  be  com- 
pated  by  human  measurement,  sound  requires  a  given  time  to 
advance  to  any  distance,  and  hence  wc  arc  enabled  to  explain 
several  phenomena  which  wc  have  often  occasion  to  obacne. 
Iff  for  instance^  we  watch  from  some  distance  a  stonemason  at 
workj  wc  do  not  hear  the  sound  of  the  blow  at  the  moment  in 
which  we  sec  the  hammer  strike^  but  only  after  it  has  bcfcn  raised, 
aa  if  the  sound  were  produced  by  tlie  removal  of  the  hammer  6om 
the  stone,  and  not  by  its  contact  with  it.  On  seeing  a  regiment 
march  to  the  pleasure  beaten  on  the  drums  preceding  them,  wc 
observe  an  undulatory  motion  transmitted  from  the  drummers 
through  the  whole  rank,  which  is  explained  by  the  fact  that  all  the 
meu  do  not  advance  simultjineouHly,  owing  to  the  hindmost  hearing 
the  beats  of  the  drum  later  than  the  foremost. 

The  rapidity  of  aoiind  may  be  ascertained  by  the  very  simple 
means  of  noting  the  time  that  inten'cnes  between  the  flash  and  the 
report  of  a  cannon  discharged  at  a  known  distance  from  the 
observer.  This  obsen'ation  admits  naturally  of  being  most  readily 
carried  out  at  night.  Several  very  exact  experiments  of  this 
nature  were  made  by  a  party  of  scieutilic  men,  at  Paris,  in  1822. 
The  distance  between  the  cuunou  and  the  observer  \va»  9549,6 
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(1  toise  =  6  Paris  feet),  and  54,6  seconds  intervened 
between  the  flash  and  the  report;  whence  it  follows,  that  sound 
traveU  in  an  ordinary  state  oftheatmosphca*  174,9  toiaes  =1049,4, 
or  m  round  numbers,  1050  tcct  =  3J0,88  metres  in  a  second. 
Through  other  media  the  rapidity  of  the  }>ropagation  of  bound  is 
the  same;  beiiifr  transmitted  through  iron  16j,  and  through 
4i  times  faster  than  through  the  air. 
On  the  reflection  of  sounds  and  on  the  echo. — On  passing  from  one 
medium  to  another,  sound-waves  always  experience  a  partial  reflec- 
tion ;  while  on  coming  in  contact  with  a  solid  impediment,  they  are 
most  entirely  reflected. 

Whether  the  reflection  be  partial  or  entire,  the  angle  of  reflec- 
tion is  always  equal  to  the  angle  of  incidence. 
Let  *  *',  Fig.  196,  be  the  separating  surface 
of  the  two  media,  say  air  and  water,  and 
suppose  a  sound-wave  move  in  the  direction 
d  I  against  the  surface  of  the  water,  one  por- 
tion of  the  motion  will  pass  over  to  the  water, 
while  another  will  be  transmitted  in  the  direction  i  r,  which  makes 
•s  great  an  angle  with  the  perpendicular  i p  as  di;  that  is  to  say, 
the  angle  of  reflection  r  i  p  is  equal  to  the  angle  of  incidence  d  ip. 
The  same  phenomenon  would  occur,  according  to  the  same  law,  if 
**'  were  the  separating  siu-face  of  two  gases,  or  merely  of  two 
layers  of  gas  of  difl'erent  density,  or  if  *  «'  were  the  bounding 
surface  of  a  solid  bodvy  excepting  that  in  the  latter  case  the 
reflected  tone  would  be  far  more  intense.  An  obser\-er,  therefore^ 
standing  at  any  point  of  the  line  i  r,  would  hear  the  sound  as  if 
issued  from  i,  or  from  a  point  in  the  prolongation  of  the  line  r  i. 
On  this  genera]  principle  rests  the  explanation  of  an  echo. 

If  the  echo  send  the  tone  back  to  its  starting  point,  the 
sound*waves  strike  the  reflecting  surface  at  right  angles.  In 
this  case,  an  echo  may  repeat  a  larger  or  smaller  nimiber  of 
syllables  imder  conditions  that  may  be  easily  ascertained.  If 
we  speak  fast,  8  syllables  may  distinctly  be  uttered  in  2  seconds, 
but  in  that  period  of  time  sound  traverses  twice  340  metres ;  if, 
therefore,  an  echo  be  at  a  distance  of  3-MJ  metres,  all  the  syllables 
will  be  given  back  in  their  proper  order,  the  flrst  coming  to  the 
speaker  in  %",  that  is,  when  he  has  given  utterance  to  the  last 
sylUble.  At  this  distance^  an  echo  may  therefore  repeat  7  or  8 
syllables  ;  there  are,  however,  echoes  capable  of  giving  back  14  or 
15  syllables. 
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The  rellecting  surface  need  not  be  hard  and  flat,  as  we 
observe  at  sea  that  elouda  form  an  echo. 

Sound-wavea  must  also  be  reflected  in  a  cloudless  atmosphere 
when  the  8un  develops  heat  with  its  full  force  on  the  earth's 
surface,  since  the  radiation  of  heat  cannot  be  equal  in  all  parti, 
owing  to  dampne&Sj  shade,  and  other  causes.  This  unequal  tem- 
perature occasions  a  number  of  warm  aaccmhng  and  cold  descend- 
ing currents  of  air,  of  unequal  density;  as  often,  therefore,  aa  a 
soinid-wavc  passes  from  one  current  of  air  to  another,  it  «ill 
experience  a  partial  reflection ;  and  if  this  be  not  strong  enough 
to  oeeusiou  an  echo,  it  will  at  any  rate  materially  weaken  the 
direct  tone.  This  is  evidently  the  reason,  as  Humholdt  ohscrvM, 
that  sound  is  propagated  further  by  night  than  by  day,  even  id 
the  midst  of  the  woods  of  America^  where  the  many  silent  anizuab 
in  the  day  All  the  atmosphere  during  the  night  with  a  thonaand 
confused  noises. 

The  explanation  of  multiple  echoes,  that  is,  such  as  give  barl 
the  sound  many  times,  rests  upon  the  same  principles ;  for  ai 
one  reflected  tone  can  be  returned  anew,  it  is  oWdent  that  two 
reflecting  surfaces  may  mutually  reflect  a  tone,  as  two  opposite 
mirrors  reciprocally  reflect  light.  Thus,  an  echo  of  this  sort  way 
arise  between  two  distant  parallel  walls.  There  was  formerly  au 
echo  of  this  kind  at  Verdun,  occasioned  by  two  contiguous  towen, 
which  repeated  the  same  word  12  or  13  times. 
There  arc  likewise  echoes  which  bear  a  tone  to  a  definite  spot 

Let  ua  assume  that  the  diagouit 
section  of  an  arch  is  an  ellipsc^j 
see  Fig.  197,  whose  foci  art 
and  f.  A  tone  issuing  from 
will  be  reflected  from  all 
of  the  arch  to  f,  it  being  a  pi 
perty  of  an  ellipse,  that  if  we  draw 
lines  from  /and/  to  the  same  point  of  the  curve,  they  will  form 
equal  angles  with  the  normal  of  this  point.  If,  therefore,  onej 
person  stand  at/,  and  another  at/,  they  will  be  able  to  understand 
each  other,  although  they  may  speak  in  a  low  voice,  and  the 
distance  of  the  two  points  /  and  /  amount  to  from  50  to  100 
feet  while  not  a  word  cjin  be  heard  at  the  intervening  points. 

The  actions  of  the  speaking-trumpet  and  the  hearing-trumpet 
may  also  be  explained  on  the  principle  of  the  reflection  of  sound. 
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CHAPTER    II 


J^AVrS    OF    THE    VIBRATIONH    OV    MV8TCAL    TONES. 

Formation  of  regular  Air*wave»  in  caveied  pipes. — If  a  Bound- 
wave  cnt^r  tlie  open  end  of  a  tube  cloaed  at  the  opposite  cxtremityi 
H  will  be  reflected  on  the  surface  of  the  tube,  but  the  reflected 
waves  meeting  the  newly  entered  waves  will  form  standing  air- 
waves by  the  combined  acliou  of  both  wave  systems,  provided  the 
length  of  the  pipe  bear  a  proper  prfiportion  to  the  length  of  the 
sound-wave. 

we  aasumc  the  length  of  the  tube  R  Sj  Pig.  198,  to  be  Jth  of 
no.  198. 


n 

h                                        e 

ft 

1 

the  lenfrth  of  the  sound-wave  entering  it,  then  the  distance  from 
the  opening  to  the  bottom,  and  back  from  the  bottom  to  the 
opening  is  exactly  4  a  wave-length,  the  waves  of  incidence  and 
reflection  which  meet  at  the  opening  of  the  tube  are,  therefore, 
removed  from  each  other  half  a  wave-length  in  their  course ;  the 
amximnm  of  the  density  of  the  wave  of  incidence  coinciding, 
therefore,  with  the  maximum  of  the  rarefaction  of  the  wave  of 
reflection,/  and  converselyj'at  the  opening  of  the  tube  there  is, 
therefore,  neither  condensation  or  rarefaction. 

Let  us  now  consider  the  condition  of  motion  of  the  layer  of  air 
filling  in  a  state  of  equilibrium  the  opening  of  the  tube. 

We  have  already  seen  in  Fig.  194,  that  if  there  be  a  maximum 
of  density  in  a  definite  spot,  as  at  9,  tliu  particle  6,  whose  position 
of  rest  lies  one  fourth  of  the  wave-length  from  the  point  of  rest  of 
(he  particle  9,  will  be  moved  to  the  furthest  point  from  its  position 
of  equilibrium  in  the  direction  of  the  advancing  wave,  whilst  the 
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12,  vnoK  positioa  of  eqailibriani  lies  one  fourth  of  a  wa\ 
futker  OQ  ibma  the  pocition  of  equilibham  of  9,  will  assume] 
■1  tkk  Mfttt  ft  flUtc  of  cqnihbnQm. 

At  tltt  iwrnti  iilj  tlMiefine,  in  which  the  nuudinam  of  density 
the  incident  wmTe  meets  the  bottom  of  the  tube,  the  layer  of  air 
the  opnripg  has  heen  Hkoved  to  it&  maximum  advancement  toi 
the  light,   hj  means  of  this  incident-wave,    while  at  the 

it  is  not  drivei]  to  the  opposite  side  by  the  reflected  warej 
it  a|i|Kan  that  at  the  inaunt  in  which  the  wave  of  incidence^ 
at  the  bottom  of  the  tube  with  the  maximum  of  rarefaction, 
tlie  Isfjcr  of  air  at  the  enttmnce  has  experienced  its  furthest  removal 
to  the  kA  from  its  positiaii  of  equilibrium,  by  the  influence  of  the 
nfeUid  wmTe  ;  the  layer  of  air  at  the  entrance  of  the  tube  vibrates, 
thatfaw,  akcnatdj  from  ri^ht  to  left^  that  is,  towards  and  ^m 
die  bottom,  vithovt,  however,  any  condensation  or  rarefaction 
occurring. 

All  the  itnaiaing  layers  of  air  in  the  tube  have  now  simulta- 
BCOQsly  a  smilar  motion,  the  extent  of  the  vibrations  being  small 
in  proportioQ  as  they  lie  near  the  bottom.  This  is  illustrated  in 
P^  199,  200  and  201.     Fig.  199  represents  the  separate  layers 
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of  air  in  the  lube  in  their  positions  of  equilibrium ;  from  this 
position  of  equilibrixim  they  move  simultaneously  tovNTirds  the 
right,  reaching  the  position  of  Fig.  200  after  one  fourth  of  nn 
undulation.  In  this  position  of  the  layers,  the  air  is  naturally 
strongly  condensed  at  the  bottom  of  the  tube.  All  the  particles 
then  move  simultaneously  from  the  bottom,  simultaneously  passing 
the  position  of  equilibrium,  and  simultaneously  reaching  the  posi- 
tion indicated  at  Fig.  201.  At  this  moment,  a  rarefaction  takes 
place  at  the  bottom  of  the  tul>e. 

Our  drawing  has  been,  for  the  sake  of  clearer  illustration,  execs- 
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sirdy  exaggerated,  at  least  as  far  as  relates  to  the  amplitude  of 
Mcillation  as  occurring  in  a  pipe  of  the  length  roprcsentcd,  for  the 
layer  of  air  in  a  state  of  equilibrium  at  the  entrance  of  the  pipe 
winild  nut  enter  so  far  into  it,  or  pass  so  far  out  of  it,  hut  merely 
oscillate  a  little  to  the  right  and  left  during  the  vibrations.  If, 
however,  the  amplitude  of  oscillation  had  not  been  taken  on  so 
large  a  scale,  it  would  have  been  diihcult  to  indicate  clearly  the 
difference  between  the  condensation  and  rarefaction. 

Here,  therefore,  a  regular  wave  has  also  been  formed  by  the 
interference  of  the  direct  and  reflected  waves,  for  all  the  separata 
layers  of  air  in  the  tube  begin  their  motion  simultaneously,  simul- 
taneously reaching  the  limits  of  their  course,  and  then  beginning 
their  motion  m  opposite  directions. 

Figs.  202,  203,  204,  arc  intended  to  illustrate  the  rarefactions 
•nd  condensations  alternately  produced  in  Buch  regular  air-waves. 

■rl,     202. 
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In  Fig.  202  the  whole  tube  is  luiiformly  siiuded,  and  corresponds 
to  the  case  where  the  air  is  of  uniform  density  throughout  the 
whole  tube,  as  it  is  in  the  moments  at  which  uU  the  individual 
layers  of  air  pass  their  position  of  equilibrium  with  their  maximiun 
speed.  If  the  particles  have  come  to  the  extreme  points  of  their 
course  in  their  oscillation  towards  the  closed  end  of  the  tubcj  a 
condensation  takes  place  as  seen  in  Fig.  203. 

Now  the  separate  layers  of  air  begin  to  move  away  from  the 
closed  end,  and  after  half  an  ujidulatioa,  we  have  a  rarefaction  as 
m  Fig.  204. 

At  the  open  end  of  the  tube  there  is  at  no  moment  of  time  any 
marked   condensation   or   rarefaction,    the    layers  of    air  moving 
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205.  backwards  and  forwards  between  the  furthest  limits 
The  arrows  in  Pigs.  203  and  204  indicate  the  direction 
in  which  the  particles  begin  to  move,  when  the  condensation 
or  rarefaction  has  just  reached  its  maximum  at  the 
l>ottom. 

If  now  a  hole  be  made  in  the  tube  at  r  for  instance, 
it  will  hinder  the  formation  of  the  regular  wave,  because 
the  air  will  escape  thence  at  the  moment  of  condeosation, 
and  flow  in  again  at  the  moment  of  rarefaction.  But 
the  disturbing  influence  of  such  an  opening  would  be  less 
considerable  at  the  plaoea  nearest  the  open  extremity, 
since  nirefantion  as  well  as  condensation  would  be  less  st 
such  points.  ' 

Cutting  away  the  tube  at  these  parts  would  produce  the 
same  disturbing  effect  as  an  aperture. 

The  formation  of  a  regular  air-wave  in  the  tube  is,! 
therefore,  dependent  u]>on  certain  relations  existing 
between  the  length  of  the  tube  and  the  wave-length  of 
the  incident  tone ;  in  the  case  wc  have  considered,  the 
length  of  the  tube  was  one  fourth  of  the  wave-length  of 
the  incident  tone ;  standing  air-waves  may,  however,  be 
found  in  the  tube  under  other  relations  than  those  we 
have  considered  between  the  tubes  and  the  wave 
length. 

It  is  essential  to  the  formation  of  regular  waves  in  the 
tube,  that  the  amplitudes  of  oscillation  should  become  so 
small  as  almost  to  disap|>ear  close  to  the  bottom,  but  that 
an  alternate  state  of  ritnifaction  and  condensation  should 
take  place,  while  no  such  apparent  changes  are  gf»ing  on 
at  the  entrance  uf  the  tube,  since  there  the  condensed 
part  of  the  reflected  wave  must  always  coincide  with 
the  rarefied  portion  of  the  iiicidcnt  wave,  and  inversely. 

This  condition  ie  certainly  complied  with  in  making  the 
opening  of  the  tube  i  of  a  wave-length  from  the  bottomi 
the  same,  however,  is   effected  by    letting  the    distance 
between  the  entrance  and  bottom  of  the  tube  amount  to     i 
}th^  ^th,  ^th,  &;c.,  of  the  wave-length.  ■ 

In  Pig.  205  the  line  a  b  represents  the  Icugth  of  the  H 
amounting  to  Jths  of  a  wave-length ;  if  then  be  =  cd  =^  iia 
ba  =  \i\\  of  the  wavc-leugth,    the  rarefied  portion  of  the 
will  he  wt  r,  as  the  wave  system  advances  from  n  to  //,  while 
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the  condenaed  part  will  be  at  o,  becau»c  c  and  a  arc  removed  ^  a 
wft»t-lcngtb  fnjm  each  other.  If  the  wave  Hystem  were  to  extend 
beyond  b,  a  condcntiatiou  would  again  occur  at  the  same  moment 
at  c\  and  a  rarefaction  at  a',  consequently  there  would  be  like 
conditions  at  a  and  &,  and  opposite  conditions  at  c  and  a' ;  but  now 
the  wave  is  reflected  at  b,  cf  therefore  coincides  with  c,  and  a*  with 
«;  condensation  and  rarefaction  will  consequently  ccatje  at  c  as  well 
OS  at  a;  there  being  nothing  at  these  points  but  a  simple  motion 
backwards  and  forB'ards  of  the  layers  of  air  without  any  marked 
change  of  density. 

Let  OS  now  sec  what  goes  on  at  d. 

If  the  maximum  of  density  be  advanced  from  a  to  </,  it  would 
also  have  gone  on  from  c*  to  d'  if  there  were  no  rctlcction  at  bi 
at  d  and  d'  there  arc  coni»equently  always  equal  conditions  of  oscil- 
lation ;  but  by  the  reflection  at  by  d*  is  thrown  upon  rf;  hence  the 
ninumum  of  the  density  of  the  incident  and  reflected  waves,  and 
I  an  undulation  later,  the  maximum  of  the  rarefaction  of  both 
coincide  ;  and  consequently  there  will  be  here  ahemately  an 
increased  condensation  and  rarefaction. 

If  now  we  investigate  the  condition  of  oscillation  of  a  layer  of 
air  at  d,  we  shall  find  that  it  has  no  motion,  for  if  the  waves 
advanced  beyond  bj  there  would  be  equal  conditions  of  oscillation 
at  d  and  d*  which  would  always  move  towards  the  same  side  with 
uniform  velocity,  but  if  the  wave  system  be  reflected,  the  reflected 
wave  of  the  layer  of  air  d  will  impart  an  opposite  motion  to  that 
which  it  would  have  imparted  without  any  reflection  of  the  layer  of 
air  rf' ;  d  i»  therefore  always  affected  by  both  wave-systems  with 
cqual^  but  opi>ositely  directed  velocities  j  and  consequently  this 
layer  of  air  must  remain  at  rej*t. 

The  Figs,  from  206  to  208  show  the  air-waves  formed  iu  a 
Jlhs  of  the  length  of  the  incident  sound-wave. 

no.  206. 
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In  Fig.  20C  we  see  a  maximam  of  condensation  at  dj  and  a 
maximum  of  rarefaction  at  the  bottom  of  the  tube  at  b;  all  the 
layers  of  air  lying  to  the  left  of  d  simultaneously  begin  their 
motion  in  the  direction  indicated  by  the  arrow ;  whilst  the  layer* 
lying  to  the  right  of  d  begin  to  move  towards  the  right. 

After  J  of  an  undulation^  the  separate  layers  have  reached  such  a 
position  that  the  air  is  of  uniform  density  throughout  the  whole 
tube,  as  intended  to  be  represented  in  Fig.  207 ;  after  another  J  of 
an  undulation  moving  in  the  direction  indicated^  the  conditioa 
represented  in  Fig.  208  will  occur ;  now  there  is  the  greatest 
condensation  at  b,  and  the  greatest  rarefaction  at  d. 

From  this  moment  the  separate  layers  of  air  again  begin  to  move 
towards  «/,  and  then  the  condition  represented  in  Fig.  206  recurs 
after  \  of  an  undidatiou. 

The  layers  of  air  lying  to  the  right  and  left  of  d,  either  move 
simultaneously  away  from,  or  siumltaueously  towards  d,  which  has 
no  motion ;  the  layer  of  air  d  formsj  therefore,  a  node  of  oscil- 
lation, 

Titc  points  c  and  a,  where  there  is  neither  rarefaction  or  conden- 
sation, but  where  the  layers  of  air  oscillate  with  the  greatest 
amplitude,  are  termed  bellies. 

Ill  order  to  put  the  air  within  a  closed  tube  into  such  standing 
vibratiuns,  it  is  only  necessary  to  bring  an  oscillating  body  before 
the  open  extremity  of  the  tube,  which  may  give  such  a  tone,  that 
the  length  of  the  tube  is  equal  to  J,  |,  ^j  &c.,  of  the  wave  length 
of  the  tone. 

We  may  use  for  this  purpose  au  ordinary  tuning  fork,  holding 
it  over  a  glass  tube  of  about  two  inches  in  length,  closed  below ;  or 
we  may  take  a  glass  or  mt-tal-plate  in  the  same  manner  as  when 
used  to  produce  ChladnVs  Hgures  by  the  help  of  the  bow  of  a 
violin,  holding  a  tube,  closed  below,  under  it.  If  the  tube  be  of 
the  right  length,  the  eucluscd  air  being  thrown  into  a  state  of 
standing  vibrations,  will  become  resonant,  considerably  increasing 
thereby  the  intensity  of  the  tone,  as  may  be  clearly  perceived  by 
passing  the  eounding  body  backwards  and  funs-ards  before  the 
opening  of  the  tube  ;   the  touc  becoming  alternately  stronger  and 
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er  ft3  the  body  is  brought  to  the  opening  or  be^'ond  it.  If 
the  tube  should  be  too  long  for  the  sounding  body  that  is  usedj  it 
may  easily  be  brought  in  accordance  with  it  by  pouring  water  into 

I     it ;  that  ifl  to  say,  it  may  be  thus  shortened  until  it  have  the  length 

^^roper  for  the  sounding  body. 

^"  In  order  to  throw  the  enclosed  air  into  regular  vibrationi,  or  to 
make  it  resonant  ^ith  the  sounding  body,  it  is  not  indispensably 

^■|ece88U7  to  bring  a  sounding  body  before  the  opening  of  a  tube. 

pKhoa  in  organ  pipes  there  is  a  current  of  air  dowing  past  the  open 
end  of  the  tube  breaking  against  the  edgesj  and  creating  by  its 
impulses  waves  that  arc  reflected  on  the  bottom,  and  interfere  with 
the  newly  incident  waves.  Although  these  impulses  arc  at  first 
not  quite  regular^  they  are  soon  regulated  by  the  accession  of 
reflected  waves,  provided  the  tube  sound  well,  so  that  regularly 
standing  wavc8  are  formed  by  means  of  which  the  air  in  the  tube 
becomes  resonant. 

I  The  notes  yielded  in  this  manner  by  a  tube  arc  of  the  same  kind 

Las  those  which  must  be  given  forth  by   another  sounding  body 

^Brought  to  the  opening  of  the  tube  for  the  purpose  of  inducing 

^■spontaneous  sound  in  the  enclosed  air. 

;  The  simplest  way  of  making  'air  sound  in  a  small  tube  is  by 

holding  it  in  a  vertical  position  before  the  mouth,  turning  the 
closed  end  downwards,  whilst  the  open  extremity  is  held  to  the 
lower  lip,  and  we  blow  obliquely  towards  the  edge  of  the  tube. 

Notes  are  naturally  higher  in  proportion  to  the  shortness  of  the 
pipes.  Organ  pipes  have  generally  the  arrangement  represented 
in  the  following  figures.     "We  divide  them  into  the  pedal  yielding 
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the  wind,  the  mau^h  and  the  tube  containing  the  column  of  air,  the 
vibrations  of  which  produce  the  note.  The  pcdciital  is  hollow 
(Figs.  209  to  213)  and  through  this  cavity  the  wind  passes  by 
means  of  u  fine  slit  into  the  tube.  Tlie  mouth-piece  b  b*  ia  more 
or  less  open,  that  in  to  say,  its  upper  pnrt  is  more  or  less  removed 
from  the  lower,  and  not  imfrequently  the  former  U  moveable,  so 
as  to  open  or  close  the  mouth-piece  at  will. 

The  OT^^  pipes  arc  rtlled  with  wind  by  means  of  bel)ow».  If 
air  be  blown  into  the  pedestal  of  the  tube,  there  will  be  a  thin 
layer  formed  at  its  passage  from  the  air-hole,  breaking  against 
the  upper  lip,  and  thus  imparting  those  impulses  to  the  air  in  the 
tube  which  occasion  the  notes. 

The  same  tube  closed  at  one  extremity  may  yield  many  note*. 
The  deepest  having  a  wave-length  four  times  as  great  as  the  length 
of  the  tube ;  the  higher  notes  of  the  pi|>e  correspc^nd  to  a  wave- 
length three  times,  five  times,  &c.,  as  short  as  ih^  Wftie^engths 
ocoasionedby  standing  vibrations  having  three  times,  tive  times,  &c., 
aa  short  a  duration  of  oscillation  as  the  deepest  note  of  the  pipe. 

The  pipe  yields  the  deepest  note  with  a  faint  wind,  and  the 
highest  notes  with  a  strong  wind. 

0pm  Pipes, — A  stronger  condensation  of  air  may  occur  at  the 
end  than  in  the  middle  of  the  pipe,  as  the  air  cannot  escape 
laterally  from  the  former.  If  now  the  condensed  portion  of  a  wave 
arrive  at  the  open  extremity  of  the  tube,  the  layers  of  air  miay 
easily  cscnpu  in  all  directions  on  their  passage  from  the  tube,  and  a 
rarefaction  thence  arise ;  which  being  reflected  as  it  were  from  the 
open  end  of  the  tube,  traverses  it  in  an  opposite  direction,  and  so 
Htunding  waves  are  here  formed. 

The  returning  wave  is  naturally  not  so  intense  as  the  original 
one. 

Ah  n  condensation  always  coincides  with  a  rarefaction  at  the 
open  extremity  of  the  tube,  a  belly  must  necessarily  arise  here, 
while  nodes  of  oacillation  can  only  be  formed  in  the  interior 
of  the  tulK\ 

If  a  wave-length  /  l>clong  to  the  note  of  the  body  by  which  the 
Kir  in  the  tube  is  to  be  hnjught  to  sound,  the  length  of  the  shortest 

0)>on  tube  corresiM)iuling  to  tliis  note  will  be  ^  ;  that  is   to  say, 

the  Idbr  in  half  aa  long  as  the  wave-length  of  its  note.  If,  there- 
fon',  I  he  ilerpoNt  nuti'H  of  one  open  and  4me  covered  pipe  are  to  be 
ei|Mul,  thr  iipen  |ii|ie  mtiM  be  Iwice  as  long  as  the  other. 
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A  node  of  oscillation  occurs  in  the  middle  of  the  length  of  an 
opeu  lul>e  in  forming  the  Jec|>cst  note,  and  a  belly  at  each  extre- 
utj,  as  represented  in  Figa.  214  and  215. 


no.  2U. 


rie.  215. 
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Fig.  214  rtpresenti*  the  moment  when  the-  groattnt  condensation 
lakett  place  in  the  middle  of  the  tube ;  while  the  layer  of  air  rctnainu 
at  re^t  iit  the  tube,  the  air  beginn  to  move  away  on  both  sides  from 
the  middle,  as  indicated  by  the  arrow  ;  rarefaction  is  at  its  maxi- 
mum half  an  undulation  afterwards  in  the  middle  of  the  tube,  and 
now  the  layers  of  air  begin  to  move  towards  the  middle  from  both 
sides.  Ill  the  next  highest  note,  a  belly  occurs  in  the  middle 
of  the  tul>e,  and  nodes  at  the  points  a  and  b,  which  arc  i  of 
the  length  of  the  tube  from  the  extremities.  If  condensation  \m  at 
its  maximum  at  a,  as  represented  in  Fig.  216,  then  the  rarefaetiou 
will  be  at  its  maximum  at  b,  and  conversely  as  seen  in  Fig.  217. 

rie.  216. 


the  above  case^  the  wave-length  of  the  note  is  equal  to  the 
ength  of  the  tube,  while  the  duration  of  oscillation  of  this  note  is 
half  as  great  as  that  of  the  key-note  of  the  tube. 

The  third  tone  that  the  tube  can  give  has  a  wave-length  1 J  times 
that  of  the  length  of  the  lube ;  in  this  tone  there  are  three  nodes 
of  oscillation,  one  of  which  lies  in  the  middle,  and  each  of  the 
remaining  two  at  ^  of  the  length  of  the  tube,  or  \  of  the  wave- 

Inglh  of  the  engendering  soriiul-wave. 
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If  we  designate  the  length  of  an  open  tube  by  i,  the  wave- 

lengths  of  the  toncSj  it  is  capable  of  yielding : 

21,  I  i,  II  &C., 
whilift 

4/,  ^l,  il  &c. 

arc  the  wave-lengths  of  the  tones  that  can  be  produced  from  a 
covered  pipe  of  the  length  /. 

If,  now,  at  different  parts  of  an  organ-pipe  we  malce 
holcii  that  can  be  closed  or  opened  at  will,  by  a  shde  u 
represented  in  Fig.  218,  we  can  prove  that  the  tone 
nill  not  be  changed  if  the  opening  be  made  at  s 
belly,  although  it  would  be  altered  were  the  aper- 
ture at  any  other  part. 

Musical  notes, — As  we  have  now  learnt  to  know  the 
means  by  which  pure  notes  may  be  produced,  as  for 
instance  through  organ-pipes,  and  aince  we  have  seen 
how  the  height  and  depth  of  these  notes  depend  upon 
the  length  of  the  pipes,  and  consequently  that  we  may 
accord  such  pipes  at  will,  by  lengthening  or  shorten- 
ing the  tubes,  we  will  proceed  to  consider  the  aeries  of 
notes  made  use  of  in  music. 

Let  us  begin  with  the  fundamental  note  yielded  by  a 
covered  pipe,  4  feet  in  length ;  this  tone  is  designated  in  music  as 
the  note  C. 

If  wc  examine  the  notes,  which  combined  with  C  will  make  an 
agreeable  impression  upi>n  the  ear^  wc  shall  iind  them  to  be  those 
whose  rapidity  of  oscillation  stands  in  a  certain  relation  to  that  of 
C;  their  wave-lengths  are  J,  J,  J,  -J,  ^  of  the  wave-length  of  C; 
and  they  are  consequently  those  that  would  be  produced  by  pipes 
whose  lengths  arc  J,  ^,  |,  ^,  of  the  length  of  the  pipe  C. 

As  the  time  of  oscillation  stands  in  an  inverse  proportion  to  the 
wave-length,  the  first  of  the  abovc-naiiied  notes  will  make  two 
vibrations  while  C  makes  only  1 ;  this  note  is  the  octave  of  C,  and 
is  designated  as  c. 

The  note  whose  wave-length  is  J  of  that  of  the  note  C,  makes  3 
oscillations  while  C  makes  2 ;  this  is  the  fifth  of  C,  and  is  desig- 
nated as  G. 

The  note,  whose  wave-length  is  f  of  that  of  C,  makes  4  vibra- 
tions while  C  makes  3 ;  it  is  called  the  fourth  of  C,  and  is 
marked  F. 
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The  note,  whose  wave-length  ia  4  that  of  the  note  C,  makes  5 
vibrations  while  C  makes  4 ;  it  is  the  major  third  of  C,  and  is 
marked  E, 

The  last  note  to  be  mentioned,  and  whose  wave-length  is  f  times 
as  great  as  that  of  C,  makes  6  vibrations  while  C  only  makes  5  ; 
it  is  the  minor  third  of  C,  and  is  marked  E  flat. 

As  G  has  its  octave,  fifth,  fourth,  major  and  minor  third,  so 
there  are  likewise  an  octave,  a  £fth,  a  fourth,  and  a  major  and 
minor  thii'd  for  c. 

The  fundamental  or  key-note  C,  with  its  major  third  E  and  its 
fifth  G,  form  the  common  chord  of  C  major. 

According  to  the  above  relatione,  the  notes  below  make  vibra- 
^^ons  simultaneously,  as  follows  : 
■I  C  E  F  G  e 

^M  24  30  82  36  48 

^»  In  order  to  perfect  the  whole  scries  of  notes,  E,  F  and  G  must 
have  their  accord,  consequently  their  third  and  fifth,  as  well  as  C 

The  fifth  of  G  is  a  note  vibrating  3  times,  while  G  only  per- 
forms 2  vibrations ;  there  are,  therefore,  to  36  vibrations  of  G,  54 
vibrations  of  its  fiflh,  which  we  will  designate  as  d ;  the  next  octave 
below  d  is  marked  D,  and  makes  27  vibrations  to  36  of  G,  and 

24  of  a 

The  major  third  of  G,  designated  as  Hj  must  make  dye  vibra- 
tions, while  G  only  completes  4 ;  there  are,  therefore,  45  oscilla- 
tions of  H  to  36  of  G. 

As  24  is  to  36  (that  is,  C  to  G),  as  32  ia  to  48  (or  Fto  c),  c  is 
the  fifth  of  F. 

The  major  third  of  F  must  make  5  vibrations,  while  the  latter 
makes  only  4 ;  to  32  vibrations  of  F  there  will  consequently  be  40 
of  its  major  third,  which  we  designate  as  A, 

Thus  we  have  a  scries  of  notes  bearing  the  name  of  the  C  gamut. 
The  simultaneous  vibrations  are  as  follows  : 

CDEFGAHedekc. 
Vibrations :  24     27     30     32     36     40     45      48    54    60 

The  differences  between  each  two  succeeding  notes  of  this  series 
are  not  equal.     In  the  following  series,  the  somewhat  deeper  break 
between  two  numbers  indicates  how  much  the  rapidity  of  oscilla- 
tion of  each  note  exceeds  that  of  the  succeeding  one. 
CD        E       F      G       A       H      c; 
i        i      -^      i      i       i      1'^ 
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i>  accordiugly  milker  1^   tii]ie«  as  many  vibratiousi  in  the  a&iuu 
period  of  tinic  as  C^  E  li,  times  iia  many  hm   D,   F  1-iV  times  as 

many  bs  E,  8lc. 

The  interval  between  C  and  D,  between  D  and  E,  F  and  G,  G 
and  A,  and  A  and  //,  is  called  a  perfect  tone ;  we  disting:uish  theni^ 
however,  as  full  perfect  tones  if  the  intervul  be  ^,  and  small  perfect 
toiieu  when  it  is  only  ^. 

The  intervals  between  E  and  F,  and  H  and  c,  are  nearly  half  ah 
large  aa  the  rest ;  they  arc  therefore  called  semi-tones. 

If  wc  proceed  from  any  of  the  other  notes,  advancing  in  the 
same  order  of  intervals,  wc  shall  in  the  same  manner  obtain  the 
various  gamuts ;  in  order,  however,  to  proceed  according  to  this 
arrangement  of  inter\'al8  for  each  note,  we  must  insert  half-notes 
between  Cand  Z),  Fand  G,  and  G  and  H,  marking  them  thua: 
c  sharp,  c  flat,  /  shaq),  y  sharp,  and  b. 

Through  the  gamuts  we  pass  from  the  key-note  to  the  major 
third ;  and  then,  passing  ovci-  the  minor  third,  to  the  fif^h  ;  in  the 
Boft-toned  gamuts,  on  the  contrary,  the  chord  is  formed  by  the 
key-note,  the  minor  third  and  the  iiftha. 

A  fuller  consideration  of  the  kinds  of  tone  and  the  gamut  belongs 
to  Ike  theory  of  musiCj  and  would  luid  us  beyond  our  limits. 

If  the  fundamental,  or  key-note,  make  1  vibration  in  a  given 
time,  the  major  thii'd  must  make  ^  in  the  same  time ;  the  major 
third  of  this  note  will  make  ^  .  ^  or  ^j  and  the  third  of  this  note 
^.-f  .  ^  or  ^bV  vibrations.  The  latter  note  does  not  exactly  accord 
with  the  octave  of  the  fui\daniental  note,  which  corresponds  to  ^V' ; 
if,  therefore,  we  proceed  through  fnll  thirds,  wc  do  not  reach  n 
pure  octave,  and  if  wc  retain  the  purity  of  octaves  we  must  abstract 
from  the  perfect  purity  of  thirds.  The  same  is  the  CAse  with 
respect  to  pure  fifths.  Wc  are,  therefore,  obliged  to  set  the  notes 
somewhat  higher  or  lower  than  required  for  pure  thirds  or  liflhs,  in 
order  to  retain  the  purity  of  the  octave;  the  note  must  be  suffered, 
in  the  ordinary  language  of  musicians,  to  float  somewhat  over  or 
under.  This  ni(>de  of  balancing  is  called  the  temperature.  It 
would  carry  us  too  far,  however,  to  treat  of  the  separate  kinds  of 
temperature. 

If  the  ear  were  more  sensitive  than  it  is,  it  would  be  so  unplea- 
santly affected  by  the  impurity  of  the  thirds  and  fifths,  as  almost  to^ 
preclude  any  enjoyment  from  music. 

As  we  have  uow  become  better  acquainted  ^v^th  the  various  dt^i'g- 
nations  applied  to  notes,  we  may  use  them  in  speaking  of  the 
different  tones  yielded  by  the  same  pi]K>.     In  an  open  tube  or 
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\pe,  for  instanee^  the  second  note  i»  the  octave  of  the  key-note, 
rhilc  in  a  covered  pipe  it  is  the  fifth  of  the  next  higher  octave. 

The  deepest  tone  apphed  in  music  ia  that  yielded  by  a  covered 
ipe  16  feet  in  lengtJi.     But  uow  wc  know  that  when   a  covered 

pe  givea  forth  its  deepest  notes^  its  ^Ig/ length  nmst  be  exactly 
}  of  the  wavc-lencrth  of  the  note ;  accordingly,  the  wave-length 
for  this  note  must,  in  an  ordinary  state  of  the  atmosphere,  l>c 

(eet. 

Sound  travels  about  1089  English  feet  in  a  second  ;  if  we  divide 
thin  number  by  64,  we  find  how  many  wave-lengths  this  deepest 
note  advances  in  a  second ;  or  what  is  the  same  thing,  how  many 
oscillations  are  necessary  in  a  second  to  produce  this  deepest 
musical  note,  we  find  the  number  to  be  16,4. 

In  like  maimer,  we  find  how  many  oscillations  the  air  makes  in  a 
second  in  a  covered  pi|)e  while  giving  its  deepest  note,  by  dividing 
four  times  the  length  of  the  pipe  (expressed  in  Paris  feet), 
by  1050. 

Music  altogether  comprises  9  octaves.  The  deepest  note  already 
spoken  of,  yielded  by  a  covered  pipe  16  feet  in  length,  is  desig- 
nated as  C. 

As  this  note  makes  16,5  vibrations  in  a  second,  the  following 
tabic  gives  the  number  of  vibrations  for  each  of  the  succcHsive 
octaves  of  this  tone  : 

C 


16,5 

33 

66 
132 
264 


c 528 

With  our  notes  the  tones  are  thus  expressed 

a    c   c 


m 
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ToTies  of  stretched  strings. — ^The  most  important  laws  of  the 
vibrations  of  stretched  strings  are  as  follows  : 

1.  The  nuiiiber  of  vibratiojis  of  a  string  is  inversely  at  its  length; 
that  is,  if  a  string  of  any  instrument,  as  a  violin  or  a  guitar,  be 
stretched,  and  make  a  certain  nnjnber  of  vibrations  in  a  given  time, 
it  would  make  in  the  same  time  2,  3,  or  4  times  as  many  vibra- 
tions, if  with  the  same  tension  we  let  only  J,  J,  or  J  of  the  whole 
length  vibrate  ;  it  would  vibrate  -J-,  i,  or  \  times  as  fast  if  we  only 
suffered  H,  J,  or  -f,  of  the  whole  line  to  nbrate. 

3,  The  number  of  tlie  vibratwns  of  a  string  is  proportional  to  ihs 
square  root  of  the  stretching  weight ;  that  is,  if  the  weight  stretching 
the  string  were  made  4,  9,  or  16  times  as  great  whilst  the  length 
remauied  unaltered,  the  velocity  of  the  vibrations  would  be  2,  3,  or 
4  times  as  great. 

3.  The  number  of  vibrations  of  different  strings  of  the  same  sub- 
stance is  inversely  as  their  thickness.  If,  for  instance,  we  take  two 
steel  mrvs  of  equal  length,  whose  diameters  arc  as  1  to  2,  the 
thinner  will  ^vith  equal  teusiou  make  twice  as  many  vibrations  as 
the  thicker.  This  law  does  not  always  hold  good  for  catgut 
strings,  as  they  are  not  absolutely  made  of  the  same  substance. 

An  instrument  called  a  monochord  is  used  to  illustrate  the  most 
important  laws  of  stretched  strings  and  their  note^,  which  gives  oat 
pure  notes,  and  admits  of  the  length  of  the  strings  being  measured 
with  great  exactness.     Fig.  219  represents  a  monochord.     We  may 

FtG.    219. 


stretch  a  catgut  or  a  metal  string  to  prove  that  both  follow  the 
same  laws.  The  string  attached  at  c,  gotrs  over  a  kind  of  bridge 
at  /  and  A,  then  over  a  pulley  m,  being  finally  loaded  with  the  weight 
p.  The  moveable  bridge  A  may  be  pushed  along  without  touch- 
ing the  string,  and  secured  by  a  press-screw  to  any  part  wc  choose. 
We  shall  presently  sec  how  the  hollow  box  *  *'  serves  to  strengthen 
the  note.  If  now  we  8up]>osc  the  string  to  be  sufficiently  stretched 
when   vibrating  freely  to  give  a  full  and  sure  note,  which  wc  will 
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UBame  to  be  the  sUrttng  i>omt  of  c,  we  may  by  moving  the  bridge* 
make  the  string  yield  successively  the  notes  d, «,/,  g,  a,  /i,  and  r. 
If  we  designate  the  length  of  t lie  string,  giving  the  fundamental 
note  C}  as  If  we  shall  obtain  the  following  lengths  of  string  for  the 
other  notes : 


h 


\ 
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Wc  must,  therefore,  make  the  string  half  the  length  in  order  to 
make  it  yield  the  octave,  other  conditioofl  remaining  the  same. 
But  as  the  octave  makes  twice  as  many  vibrations  as  the  funda- 
mental note,  a  string  half  the  length  uill  make  double  the  numlwr 
of  \-ibrations. 

To  obtain  the  fiflli,  we  must  shorten  the  string  to  §  of  its  length  ; 
but  the  Hfth  makes  l  timeit  as  inaiiy  Nibrations  as  the  fundamental 
note  in  an  c(|ual  time. 

The  iititnbcr  nf  vibrations  of  strings  ia,  therefore,  inversely  as 
their  length. 

To  obtain  an  octave  with  an  equal  length 
of  siring,  we  must  attach  4  times  as  heavy 
a  weight,  and  -J  aa  heavy  a  one  for  the 
fifth. 
^^^^^L  Laws  of  the  vibraiions  of  blade  and  rods, 

^^^^^ft  — If  a  blade  or  rod  bi!  fastened  at  one  end 

^^^^P  (see   Fig.  220),  and   be  touched  by  the 

^^^^^^  bow  of  a  violin,  or  simply  brought  out  of 

^^m  ^flr^^^      ^^   equilibrium   by   the  hand,  it  will  make  a 

W  j^H    lil^JL  ^^^*  ^^  vibrations  between  /  and  /',  which 

^H  r ^^^^3L^^^^E9  ^^  sufficiently   rapid^  will  produce  a  note. 
^H   ***^afi^^nBiVVV  If  different  lengths  be  given  to  the  same 

blade,  the  number  of  the  Whrations  made  in 
a  given  time  will  be  inversely  as  the  square 
roots  of  the  vibrating  lengths, 

Cf  reed-pipes, — A  tongue  is  generally 
a  vibrating  plate  set  in  motion  by  a  current  of  air. 

Let  p  (Fig.  221)  be  a  plate  of  metal  2  to  3  mille- 
metres  in  thickness,  having  a  rectangular  opening, 
a  b  c  d,  3  centimetres  in  length,  and  from  7  to  8 
mdlemetrcs  in  bieadth,  over  which  a  vei-y  thin  elastic 
hrH9n  plate  is  fastened,  as  represented  in  the  dia- 
gram.    This  plate  can  vibrate  on  touching  the  edges 
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a  b,  b  c,  and  c  d.     In  this  manner  wc  have  a  very  simple  tongni 
work,  which  can  be  set  in  motion  by  putting  the  plate  p  Icngtl 
wise  to  the  lips,  and  blowing  so  as  to  direct  the  air  against  the  free^ 
end  of  the  plate  /.     The  latter  is  made  to  \'ibrate  by  the  current  of 
air ;  the  aperture  ia  alternately  opened  and  closed  while  the  nirrenl 
first  pours  in,  and  then  is  checked  in  its  course ;  in  this  manner] 
sound-waves  arise,  whose  length    depends  upon   the   number   ol 
vibrations  which  the  dimensions  and  elasticity  of  the  plate  /  admitl 
of  its  making  in  a  given  time.     With  the  exception  of  greats 
intensity^  the  note  is  the  same  as  if  the  plate  were  made  to  ribrat 
by  mechanical  means.     If  wc  fasten  several  such  bars  to  one  plate, 
choosing  such  as  will  jneld  the  succeeding  notes  of  a  gamut,  we  J 
may  make  an  instrument  on  which  wc  may  play  various  tunes,        H 
The  tongue- work  of  an  organ  depends  upon  similar  principles,    " 
although  in  this  case  the  tongue  is  dif- 
ferently attached.      Here  we  distinguish 
two  contiguous  tubes,  /  and  /'  (Fig.  222)  M 
a  stop  b  dividing  them,  and  the  actual ' 
tong^uc-piece    passing  through   the   stop. 
The  tongue-work  itself  is  represented  on 
a  larger  scale  in  Fig.  223,  and  consists 
essentially  of  three  parts,  the  channel  r, 
the  tongue  l,  and  the  tuning-wire  r. 

The  channel  is  a  prismatic,  or  half  cylin- 
drical tube,  closed  below,  and  open  at  the 
top,  having  nn  aperture  at  the  side  by 
which  both  tubes  are  joined  together. 

The  tongue  is  the  vibrating  plate  ;  in 
its  natural  position,  the  lateral  uj}eniug  of 
the  channel  is  either  entirely  or  almost  closed  by  it ;  that  is  to  s«y# 
it  touches  upon  the  edges  of  the  opening  with  its  three  free  edges 
during  its  oscillations  ;  the  fourth  side  being  seenred  to  the  tube 
either  by  a  screw  or  by  soldering. 

The  tuning-wire  is  a  strong  metal  wire,  doubly  curved  below 
and  prcKsed  against  the  tongue  along  its  whole  breadth.     It  may: 
be  pushed  up  and  down   in  the  stop  with  some  friction,  and  th 
the  vibrating  portion  of  the  tongue  may  be  lengthened  or  short- 
ened, for  the  part  over  the  tuning  wire  cannot  vibrate. 

The  wind  of  the  bellows  enters  through  the  pedal  of  the  tube 
and  pi-esaing  against  the  tongue  to  procure  an  outlet,  forces  i 
through  the  channel,   and  escapes  from  the  tube  /.     Tlie  ton?a< 
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thu«  brought  cot  of  its  equilibrium  returns  immwiiotcly  by  means 
of  its  elasticity,  making  vil>ration8  in  this  nii<nnt»r,  which  last  as 
long  as  the  current  of  air  continues.  Fig.  222  represents  a  reed- 
pipe  in  which  the  part  of  the  tulx?  opposite  to  the  tongue  is  of 
gla&s,  the  better  to  show  its  working. 

In  organs  the   reed-pipes  are  often  constructed  somewhat  dif- 
nc  224     ^'^''C^tly,  by  the  edges  of  the  tongue  striking  upon  the 
^^        edges  of  the  channel,  as  exhibited  in  Fig  22  k 
I     Mf  If  a  reed-pipe  vibrate  of  itself  in  free  air — if,  conse- 

I  quentlv;  no  pipe,  or  only  a  relatively  short  one,  be 
]>laced  over  it,  its  rapidity  of  vibration,  and  therefore 
its  note,  depend  upon  its  elasticity  and  diniensinna ;  if, 
however,  a  long  tube  be  put  on,  it  will  essentially 
modify  the  note ;  the  motion  of  the  tongue  depends, 
therefore,  more  upon  the  motion  nf  the  air-waves  pass- 
ing backwards  and  forwards  in  tlie  long  pipe  than  upon 
its  own  elasticity ;  it  therefore  vibrates  less  of  itsdf 
than  from  extemsl  agents. 

Transmission  of  vibrations  of  sound  between  iolid, 
fiuidf  and  aeriform  bodies. — If  several  solid  bodies  be 
united  together  in  a  whole,  the  vibrations  issuing  from 
one  part  of  this  system  distribute  themselves  with  the 
greatest  ease,  as  advancing  waves  over  the  whole  mass ; 
having  reached  the  confines,  the  waves  pass  only  par- 
tially into  the  contiguous  medium,  the  aeriform  or  fluid  body  ;  they 
arc  partially  reflected,  however,  and  regular  vibrations  are  formed 
in  the  separate  parts  of  the  solid  system  by  the  interference  of  the 
reflected  with  the  fresh  incident  waves.  Such  a  system  forms  a 
whole,  which,  if  a  point  be  made  to  vibrate,  will  be  like  a  single 
•olid  body  divided  into  separate  vibrating  ])arts,  divided  by  nodes  of 
oscillation.  Eaeh  separate  part  loses,  to  a  certain  degree,  its  indi- 
viduality, while  its  connection  with  the  contiguous  parts  hinders 
it  from  vibrating  as  it  would  do  if  it  were  isolated. 

While  sound-waves  are  easily  distributed  over  a  system  of  solid 
bodies,  they  pass  less  easily  from  a  sohd  to  a  liquid,  and  with  ntill 
leas  facility  to  a  gasiform  body;  thus  ithapprns  that  many  strongly 
vibrating  solid  bodies  only  yield  a  virj^  weak  tone,  owing  to  their 
inability  ]>roperly  to  impart  their  vibrations  to  the  air.  This  is  the 
e  with  the  timing-fork,  for  instance,  whirh  gives  forth  only  a 
nt  sound  on  being  struck  with  force  and  held  free  in  the  air. 
In  order  to  heighten  the  tone  of  such  a  body,  the  transmission 
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of  its  vibrations  through  the  atmosphere  must  be  increased  by 
resonance,  that  is,  by  endeavouring  to  transfer  the  regular  vibra- 
tions of  the  sounding  body  to  another.  One  means  with  which  we 
are  already  acquainted  is  to  bring  the  low-toned  but  strongly 
vibrating  body  before  a  tube  of  proper  length,  and  to  cause  the 
enclosed  air  to  sound. 

A  second  method  of  strengthening  the  tone,  is  by  bringing  the 
sounding  body  in  contact  with  another  of  proportionately  large 
surface^  and  capable  of  being  readily  made  to  vibrate.  There  are 
then  regular  sound-waves  formed  upon  it,  as  wc  have  already  mcn- 
tionedj  which  are  more  readily  transmitted  to  the  air,  owing  to  the 
large  area  of  the  sounding  [resonant]  body.  If,  for  instance,  we 
put  the  strongly  struck  tuiiing-foik,  which  yielded  in  the  open  air 
but  a  faint  sound^  upon  a  box  of  thin  elastic  wood,  the  note  wiU  be 
given  with  much  more  intensity.  On  this  principle  depends  the 
sounding-buai'd  used  in  diflerent  musical  instruments.  In  flutes, 
organ-pipes,  &c.,  no  such  appUcatiuu  is  necessary,  as  the  regular 
vibrations  of  u  mass  of  air  yield  the  note,  and  easily  distribute 
thcnisrlves  through  the  surrounding  atmosphere. 

As  vibrations  of  solid  bodies  create  sound-waves  in  the  air,  so 
likewise  sound-wnvcs  mny,  when  diffusing  themselves  through  the 
atmosphere,  cause  a  solid  body  to  vibrate  by  coming  in  contsct 
with  it.  Thus,  for  instance,  we  see  the  string  of  an  instrument 
vibrate  if  it  come  in  contact  with  the  sound-waves  of  the  note  il 
yields,  or  with  those  of  one  of  its  harmonic  notes ;  and  in  this 
manner  the  panes  of  glass  in  a  window  shake  with  violence  firom 
the  influence  of  certain  notes  of  the  voice,  or  from  the  report  of  a 
cannon.  This  phenomenon,  which  is  strikingly  manifested  in 
susceptible  bodies,  alao  occurs  in  larger  masses  and  in  less  elastic 
bodies;  atl  the  pillars  and  walls  of  a  large  church  shake  moitr  or 
less  strongly  dui'ing  the  ringing  of  the  bells. 
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organs  of  speech, — It  is  well  kfio\m  that  the  wind-pipe  is 
cudiDg  at  one  extremity  in  the  throat,  and  in  the  other  in 
the  lungs.  Its  especial  use  is  to  ^ve  a  free  passage  to  air  both  in 
inspiration  and  expiration  ;  it  is  almost  cvlindricalj  being  conipoaod 
of  cartilaginous  ring?,  which  are  nnited  together  by  flexible 
membranous  rings.  At  its  lower  eirtremity,  it  sejiaratea  into  two 
tubes,  the  bronchi,  one  of  which  goes  to  the  right,  the  other  to  the 
left.  Each  of  these  branches  is  further  ramiticd  m  all  directions 
in  the  tissue  of  the  lung.  .\t  its  upper  end  the  wind-pipe  termi- 
nates in  the  larynjc,  which  is  essentially  the  organ  of  speech. 

The  lartpuTj  consists  of  four  cartilages,  which  ossify  in  extreme  old 
nge ;  they  are  the  cricoid^  the  thyroid,  and  the  two  arytenoid  carti- 
lages. These  cartilages  are  connected  with  one  another,  and 
likewise  with  the  upper  rings  of  the  wind-pipe,  and  may  l>c  moved 
in  the  most  varied  ways  by  means  of  different  muscles.  The  inner 
wall  of  the  Inrynx  forms  a  prolongation  of  the  wind-pipe,  contracting 
nntil  it  becomes  nothing  more  than  a  mere  chink,  directed  back- 
ward, known  as  the  glottis. 

Tl»e  edges  of  the  glottis  are  principally  fonned  by  the  chorda 
voeales,  which  merge  anteriorly  in  the  thyroid  cartilage,  while  at 
the  oj)po»ite  extremity  one  chorda  x^ocalii  is  incorporated  in  the 
other,  and  the  second  to  the  other  ai'j'tenoiil  cartilage,  m  that 
according  as  the  cartilages  are  brought  nearer  to,  or  further  from 
each  other  by  the  corresponding  muscles,  the  chorda  vocaks  become 
more  or  less  stretched,  while  the  glottis  diminishes  or  enlarges. 
The  chorda  vocales  themselves  consist  of  a  very  clastic  tissue. 

Above  the  edges  of  the  glottis  there  are  two  sac-like  cavities,  one 
to  the  right,  the  other  to  the  left  side,  stretching  from  eight  to 
nine  lines  sidewards,  and  having  a  dc^plh  of  Ave  or  six  lines ;  these 
arc  the  ventriculi  morgagni.     The  iippcr  edges  of  these  ventricals 
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fonu  as  it  were  a  secoud  glottis,  lying  five  or  six  lines  above  tbc 
other.  The  upper  glottis  may  be  covered  by  the  epigiottis,  whieL  it 
an  almost  triangular  membrane,  or  rather  a  cartilage ;  it  is  attached 
to  the  glottiK  anteriorly,  and  when  covering  it,  hinders  all  food  and 
drink  from  getting  into  the  wind-pipe^  since  they  must  pass  over 
it  to  enter  the  oesupliagus. 

The  formation  of  the  larynx  wili  be  more  clearly  illustrated  by 
the  accompanying  figures.  Fig.  226  presents  an  anterior  view  of 
it ;  Fig,  226  gives  a  lateral  view  ;  Fig.  228  gives  a  |>osterior,  and 
Fig.  227  a  superior  vieWj  leaving  out  the  muscles  that  move  tbc 

ric.  225.  tic.  226, 
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,  aud  thus  stretch  the  chorda  vocalet.  lu  all  these  Rgures 
crecoid  cartilage  is  designated  by  a,  tike  thyroid  cartilage  by 
c  arytenoid  cartilHgt»«  by  c,  and  the  epiglottis  by  d.  The 
is  represented  turtjcd  upwards  to  show  it  more  distinctly- 
ig.  227  we  sec  the  glottis  formed  by  the  two  lower  chorda 
"^ohalfis  strctoht'd  between  the  thyroid  and  the  anytenoid  cartilafces. 
b^^this  tigurc  wc  also  see  the  upper  chorda  vocaies,  together  with 
^B  ventricuii  tuor^ayni  lying  between  them  and  the   lower  chorda 

^B^e  formation  of  notes  in   the  larynx  is  quite  similar  to  that  of 
'  reed-pipes.     A  tongue-work  depends  uj>on  this  principle^  that  a 
body  yielding  on  a  blow,  either  no  notes,  or  such  only  as  are  very 
faint  and  soundless^  may  by  eontinual   inipulst's  of  the  air  create  a 
note  corresponding  to  its  length  and  elasticity.     In  the  larj'nx  the 
vibrations  of  the  chorda  rocalet,  by  which  the  glottis  is  closed  and 
^pened  in  rapid  alternations^  occasion  the  notes,  as  we  may  easily 
^■by  the  following  contrivance  made  to  imitate  the  larynx. 
^i^ut  apiece  measuring  about   1^   inches  from  a  thin  plate  of 
caoutchouc  [gwnmi  etasticum),  and  let  it  be  of  sufficient  breadth  to 
be  folded  round  a  glass-tube  about  six  or  seven  lines  in  diameter ; 
lay  this  eo  round  the  glass  cylinder  that  one  half  may  surround  the 
latter,  and  the  other  half  project   beyond  it ;   if  we  bring  the  two 
freshly  cut  edges  of  the  caoutchouc  together,  they  will  adhere  firmly, 
and  thus  obtain  a  eaoutehoue  cylinder  fastened  to,  and  projecting 
beyond  the  glass  cylinder,  to  which  it  must   \yc  secured  in  the 
manner  represented  in  Fig.  229.     If  now  we  fasten  the  caoutchouc 
nc.  229.  cybnder  at  its  upper  extremity  to  two  separate 

jK>ints,  pulling  it  apart,  a  chink  will  be  formed 
(as  seen  in  the  figure)  with  caoutchouc  edges, 
and  if  we  blow  into  the  pipe  superiorly,  we 
obtain  a  tone  which  is  high  in  profwrtion  to 
the  force  exerted  by  the  lips.  We  may  thus 
clearly  see  the  vibrations  of  the  two  caout- 
chouc projections  forming  the  chink. 

Tlie  height  and  depth  of  the  tones  of  the 

larynx  likewise  depend  upon  the  tension  of 

the  chorda  vocahs. 

The.    Organ  of  Hearing  consists  of  three  main  parts  :  the  outer 

e4ir  formed  by  the  concha,  and  the  external  nu^atus,  the  cavity  of 

ihe  tympftnum  sc(»arnted  from   the  above  meatus  by  the  membrane 

of  the  tympanum,  and  the  labyrinth.     The  labyrinth    consists  of 
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otseous  cavities  fiDcd  with  a  fluid,  and  through  which  thti  auditory 
nerve  is  distributed;  in  ordtr  to  enable  these  nervca  to  act,  the 
BOund-vibrations  of  the  fluid,  which  is  wholly  8urn»unded  by  bones, 
must  be  transmitted  iuto  the  labyrinth ;  this  is  cfl'ected  by  two 
openings  of  the  labyrinth  leading  into  the  carnhj  of  the  tympanwn ; 
they  arc  termed  the  foramen  ovale  and  the  fenestra  rotxiiKhi ;  the 
latter  is  covered  with  a  tender  membrane,  while  the  former  has  o 
small  bone  inserted  into  it,  by  means  of  a  membranous  investment. 
This  bone,  which  is  termed  the  st4ipes,  we  are  about  to  describe 
more  fully. 

Fig.  230  represents  the  labyrinth   on  an    enlarged   scale,  aud 

riG.  230. 


partly  opened.  It  consists  of  three  parts,  the  cochlea,  the  vesti- 
bule, and  the  semi-circular  canals.  The  auditory  nerve  is  distri- 
buted partly  in  the  vestibuli',  where  it  rests  on  the  ampullae,  the 
tubes  lying  in  the  semi-circular  canals,  and  tilled  with  a  peculiar 
fluid,  and  more  Cjitpceially  in  flne  ramitieations  to  the  cochlea.  The 
convolutions  of  the  cochlea  arc  sepai-atod  into  two  parts  by  a  fine 
osseous  partition-wall  running  parallel  to  one  of  these  convolutions. 
This  wall  is  vei-y  porous  and  cellular,  and  the  former  ramiticatioDs 
of  the  auditory  nerve  terminate  in  these  cells,  as  may  be  aeon  in  the 
exposed  part  t)f  the  cochlea  in  our  figure. 

The  sound-vibi'ations  are  conveyed  by  means  of  the  little  bones 
in  the  cavity  of  the  tynipauum  to  the  labyrinth.  These  bones  are 
the  malleus,  which  with  its  handle  grows  into  the  side  of  the 
membrane  of  the  tympanum ;  the  incus  joining  the  mailetui  and 
connected  with  the  stiipi*s   through  the  os  orbicularise;  the  stapes 
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closing  the  foramen  ovale.  The  retntivc  position  uf  all  thesu 
|»aits  may  be  seen  in  Fig.  231,  representing  the  labyrinth  on  a  very 
much  enlarged  scale ;  a  is  the  external  nieatns  that  conveys  the 
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souud-wavcs  from  the  concha  tu  ihe  membrane  of  the  tympanum. 
This  latter  divides  the  cavity  of  the  tympanum  from  the  external 
meatus.  The  tj-mpanic  cavity  i^  connected  by  the  Kustachian 
tube  b  with  the  cavity  of  the  mouth,  by  which  means  the  air  in  the 
former  cavity  can  always  be  in  eqiulibriura  with  the  axtenial  air; 
d  in  the  malleus,  growing  into  one  side  of  the  membrane  of  the 
t)^mpammi,  while  on  the  other  side  it  is  inserted  into  the  incus  e ; 
/  is  the  stains,  which  aa  we  see,  closes  the  foramen  ovale ;  o  is  the 
fenestra  rotunda ;  n  is  the  auditory  nerve  distributed  through  the 
labyrinth. 

The  separate  parts  of  the  organ  of  hearing  do  not  lie  so  free  as 
might  appear  from  Fig.  231 ;  the  osseous  casing  which  encloses  the 
whole  being  omitted  for  the  sake  of  giving  distinctness  to  the 
figure.  Tlic  external  meatus  itself  passes  through  the  temporal 
bone,  the  cavity  of  the  tympanum  is  surrounded  by  osseous  walls, 
and  the  labyrinth  is  formed  in  a  part  of  the  temporal  bone,  called, 
on  account  of  its  hardness,  the  petrous  |>ortion,  ttonx  which  it  can 
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only  be  separated  with  difficulty.  In  order  to  afford  a  correct  idea 
of  the  separate  parts  of  the  organ  of  hearing,  and  the  manner  in 
which  they  grow  in  the  osscouh  mass,  we  have  given  at  Fig.  232 
an  actual  anatomical  section  of  the  part«,  represented  according  to 
rtQ.  232.  their  natural  size ;  a  la  the 

section  of  the  cochlea,  h 
of  one  of  the  semi-circular  J 
canals,  n  the  nerve,  i  t)io  m 
membrane  of  the  tympa- 
num, the  malleusj  incus, 
and  stapes,  are  also  clear- 
ly defined. 

Tlie  ccmcha    ser^'es  to 

receive  the  air-waves  and 

^^^  conduct  them  through  the 

S-^ml^BS^StA  ^      meatus  to  the  membranes 

m)-^  Y^KSg^^^L^^^         ^^  ^^^   tympanum  ;    the 

ff  ^nr^^^^^^^  latter   is    thus    put    into 

™"   _.        Jm .^r  vibrations      which       arc 

^^^^^^  tranemitted  through   the 

ossicles      and        through 
the  air   in   the  caWty   of 
the  tympanum  to  the  la- 
byrinth.    The  membrane 
of  the  t)Tnpanum  may  be 
made  more  or  less  tense 
and    drawn    inwards    by 
means  of  the  muscle  / ;  while  by  the  muscle  s,  the  stapes  may  be 
moved,    and  the  intensity  of  the   sound,  therefore,  considerably 
modified. 

The  most  essential  part  of  the  organ  of  hearing  is  the  truditory 
nerve;  hence  the  membrane  of  the  tymjianum  may  be  injured,  and 
the  scries  of  the  ossicles  broken  without  the  hearing  wholly  ceasing; 
in  uiiiny  of  the  lower  animals,  as  in  the  crab,  the  organ  of  bearius; 
consists  merely  of  a  vesicle  filled  with  fluid,  in  which  the  v«aaek^ 
ikfiA>iiif^  is  distributed.  '^ 


dM 


OF    LIGHT. 


219 


SECTION  V. 


INTRODUCTION. 


or    LIGHT. 

(K  ZDO«t  casual  observation  teaches  us  that  a  luminous  point 
I-  its  hght  in  all  directions  ;  a  btiming  taper,  for  instance, 
%.  in  the  centre  of  a  spherical  surface  would  be  visible  from  all 
I  of  that  surface ;  the  same  is  the  case  with  regard  to  a  phos- 
jj^'nt  body,  an  electrical  spark,  &c.  MTiat  is  evident  to  our 
ID  experience  on  a  small  scale,  takes  place  alike  in  the  vast 
of  heaven.  The  sun  sheds  its  light  in  all  directions  of 
its  light  reaches  simultaneously  the  earth  and  the  other 
the  comets  and  all  the  other  bodies  of  the  fimia- 
be  their  position  what    it   may  in   the  boundless  space  of 


I  luminous  bodies  consist  essentially  of  ponderable  matter  ;  a 
jbt  may  transmit,  but  it  cannot  engender  light.     All  common 

admit  of  being  divided  into  smaller  and  still  smaller  parti- 

id  the  ultimate  physically  perceptible   atoms   arc  termed 
point$.     As  every  body  is  an  assemblage  of  molecules  or 

so  is  a  luminous  body  an  assemblage  of  luminous  points. 

lea  which  are  not   self-luminous   are   divided  into   opaque 
lod,  stones,  metals ;    transparent,   as   air,  water^    glass ;  and 
tucent,  as  thin  paper  and  ground  glass. 
pque  bodies  do  not  sulfer  hght  to  pass  through  their  mass  ; 

rcity  always  depends  u|>on  the  thickness  of  the  body,  for  all 
will    admit  of  the  passage  of  some  degree  of  light   if  we 
Ihem  sufficiently   thin.     For    instance,  wc   may    perceive  a 
;rcen  light  through  a  thin  gold  leaf  glued  on  a  glass  plate, 
lold  it  to  a  taper^  or  up  to  the  hght. 
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Tramtparent  bodies  yield  a  passa^  tn  light,  and  allow  of  oui 
seeing  with  distinctness  the  form  of  objects  beyond  them.     Gases 
fluids,  and  most  crystallized  bodies  appear  to  be    perfectly  trani 
parent  when  taken  in  small  quantities;  for  in  this  case  they 
to  be  wholly  colourless,  and  not    only  admit    of  our  seeing  thi 
fonn,  but  also  the  colour  of  objects  :   transparent   bodies   appeafji 
however,  to  be  coloured  if  they  arc  thick — a])roof  that  they  tuui 
absorb   some   portion  of  light.     A  <lrap   of  water,  for    iustani 
appears   wholly  colourless,  whilst  the  same  fluid  taken  in 
has  a  well-marked  green  hue. 

Translucent  bodies  admit  of  the  transmission  of  scmie  portion 
light,  without,  however,  allowing  the  form  or  colour  of  objects 
being  recognised.  As  long  as  a  ray  of  light  remains  in  the  same 
medium,  it  advances  in  a  straight  line ;  but  as  soon  as  it  comes  in 
contact  with  another  body,  it  is  partly  throwTi  back,  refteded  from 
its  surface;  it  partly,  however,  enters  the  bndy,  if  it  be  transiwrenl, 
in  an  altered  direction,  and  is  then  refracted.  We  shall  conirider 
the  subject  of  reflection  and  refraction  more  fully  in  a  aubsequeot 
page. 

The  velocity  with  which  light  travels  is  so  great,  that  it  traverwa 
all  distances  upon  earth  in  nu  imperceptibly  small  space  of  time 
By  means  of  observations  on  the  eclipses  of  Jupiter's  satellites, 
astronomers  have  ascertained  that  light  is  transmitted  with  suci 
velocity  as  to  trarcrse  the  spncc  between  the  siui  and  the  earth  in 
eight  minutes  and  thirteen  seconds,  passing  consequently  over 
195,000  English  miles  in  one  second.  A  cannon  ball  going  at  the 
rate  of  1200  feet  in  a  second  would  require  fourteen  years  to  go 
from  the  sun  to  the  earth. 

Shadows  and  half  shadows, — A  consequence  of  the  straight  trans- 
mission of  light  is,  that  a  dark  body  exposed  to  rays  of  light, 
throws  a  shadow;  if  only  lighted  by  a  single  luminous  body,  it 
is  easy  to  deflne  the  shadow.  The  totality  of  all  the  lines 
253.  issuing     from     the    luminous 

— r-  point,  and  striking  the  dark 
body,  fonns  a  conical  surface, 
and  the  part  of  it  lying  beyond  the  dark  body  forms  the  bmita  of 
the  shadow. 

If  the  luminous  body  hnvc  any  considerable  expansion,  there 
will  be  a  luiir  vhodow  distinguishable  beyond  the  true  shadow. 
The  shm!»".  ^^hidi  in  this  case  is  the  central  shadow,  ta  the 
spivcc  recei'  \  the  half  shadow,  on  the  contrary,  is  the 
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V^ftigatc   of  all   tlic  upots   receiving  light  from  some  luminous 
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points,  but  not  ti-oui  011101*8.  Let  A  (Fig.  284)  be  a  large  lumi- 
nous sphere,  B  n  small  opaque  one.  Tlie  figure  clearly  shows  the 
extent  of  the  true  shadow  aud  the  half-shadow.  Tlie  shadow 
would  assume  the  appearauce  shown  at  Fig.  235,  if  received  upon 
KG.  235.  a  screen  m  n.     The  diameter  of  the  true  shadow 

diminishes  with  the  distance  of  the  luminous 
body,  while  the  diameter  of  the  half  shadow 
increases.  The  true  shadow  is,  therefore,  sur- 
rounded by  a  narrow  half  shadow,  close  to  the 
shading  bodies ;  close  to  the  back  of  the  shading 
body,  the  outhne  is  somewhat  sharply  defined ; 
at  an  increased  distance,  the  width  of  the  half-shadow  is  more 
considerable,  and  the  transition  from  the  true  shadow  to  the  full 
light  on  that  account  more  gradual,  while  the  shadow  instead  of 
being  sharply  defined  seems  imperceptibly  disappearing.  Beyond 
the  point  s,  the  true  shadow  entirely  ceases,  aud  the  half  shadow 
increasing  continually  in  breadth,  becomes  on  that  account  fainter 
aud  more  undefined. 

In  this  manner  we  may  understand  how  the  shadow  of  a  body 
exposed  to  the  sun's  light  is  sharply  defined  close  behind  it,  while 
at  a  greater  distance  it  becomes  quite  undefined.  Thus,  for  instance^ 
we  cannot  accurately  niark  the  point  where  the  shadow  of  the  apex 
of  a  steeple  is  lost  upon  the  ground.  A  hair  held  up  in  the  sun- 
light close  to  a  sheet  of  paper  will  casta  sharp  shadow,  whUe  if  held 
two  inches  above  it,  a  shadow  is  scarcely  to  be  observed.  If  now 
the  light  issuing  from  a  luminous  point  be  thrown  upon  a  sei-een, 
through  which  a  small  aperture  has  been  made,  the  light  passing 
through   this  opening  will  form  a  well  defined  ray ;  if  wc  let  this 
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ray  ^1  upon  a  second  screen,  we  shall  have  a  lunuiious  spot  upoa 
n  dark  ground.  In  this  manner  we  obtain  on  the  wall  of  a  perfectly 
dark  room  op})Of*ite  to  a  minute  aperture  in  the  shutter,  an  image 
of  an  external  luminous  point,  sending  raya  of  light  through  the 
aperture  into  the  chamber,  and  thus  inverted  images  of  all  ertemal 
objects  may  be  thrown  upon  a  wall,  (Fig.  23C).     If  we  allow  the 
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light  of  the  sun  to  pass  through  a  small  opening,  we  shall  at  all 
times  have  a  round  image  of  the  sun,  let  the  shnjie  of  the  opening 
be  what  it  may.  This  at  first  sight  apparently  strange  fact  admits 
of  a  siutplc  explanation.  If  the  sun  were  a  sinpjie  luminous  point, 
a  light  spot  would  be  formed  upon  the  wall  opposite  to  the  opening, 
and  having  precisely  the  form  of  that  opening.  If  wc  assume  that 
the  opening  o  (Fig.  237)   is  quadrangular,  the  light  passing  from 
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the  highest  point  of  the  sun^a  disc  will  fall  upon  the  screen  in  the 
direction  son,  while  a  smal!  quadrangular  light  spot  will  appear 
at  n.  The  lowest  point  of  die  sun  occasions  a  quadrangular  image 
at  n**j  while  the  middle  point  of  the  sun's  disc  forms  the  angular 
figiire  «'.  Tho  image  /  comes  from  the  extremest  point  of  the 
right  limb  of  the  sun,  and  r  from  the  extreme  point  of  the 
left.  All  the  other  points  uf  the  sun's  limb  give  qnadrangular 
figures,  fiillirg  upon  the  eireunifcrpnce  of  the  circle  /  »"  r  n,  whilst 
the  remaining  points  of  the  sun  lUuiniiuite  the  interior  of  this 
circle ;  the  aggregate  of  all  the  separate  quadrangular  bright  images 
forms  consequently  a  circular  illuminated  »|)ot. 
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7^  mtengiiy  of  Light  diminishea  mversely  as  the  square  of  the 
disttmre. — If  we  suppose  a  luinuious  point  in  the  middle  of  a 
low  sphere,  its  suriace  will  receive  all  the  lipht  isBuing  from 
point.  If  the  same  luminous  point  were  in  the  middle  of  a 
low  ball  of  two  or  three  times  as  large  a  radius,  the  surfaces  of 
larger  ball  will  receive  all  the  light  issuing  from  the  jmint. 
It  geometry  teaches  us  that  the  surfaces  of  spheres  are  as  the 
of  their  radii ;  if^  therefore^  the  radii  of  a  sphere  arc  as 
2  :  3,  the  surfaces  will  be  as  1 :  4  : 9.  Thus  if  the  same  lumi- 
point  be  ill  a  sphere  of  2  or  3  times  as  great  a  radius,  the 
ne  quantity  of  light  must  spread  itself  over  a  surface  4  or  9 
les  as  great ;  the  intensity  of  the  light  will  consequently  be  4  or 
9  times  less,  if  the  illuminated  surfaces  be  at  2  or  3  times  as  great 
ft  distance  from  the  luminous  point :  that  is  to  say,  in  general 
terms  :  the  intensity  of  light  diminishes  in  proportion  as  the  squares 
of  the  distances  increase. 
,This  proposition  is  not  strictly  applicable  to  a  luminous  body 
considerable  surface,  whose  light  is  taken  up  from  a  small 
incc. 

this  is  based  the  comparison  of  the  intensity  of  light  yielded 
different  sources.     In   Fig.  238   C  D  represents  a  white  wall. 
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mediately  before  it  there  is  placed  an   opaque  rod   somewhat 
icker  than  a  {>eucil ;  if  now  there  he  a  light  at  /  and  another  at 
JL,  two  shadows  of  the  rod  will  be   seen  upon  the  wall,  one  at  -4, 
other  at  B. 
The   part  of  the  wall  free  from   shadow  is  lighted  by  /  and  L, 
while  the  shadow  A  la  only  illuminated  by  the  light  /  and  B  by 
the  liglit  L.     If  now  both  sources  of  light  are.  precisely  alike,  both 
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shadows  will  flp|>eftr  equally  dark,  provided  the  two  lighln  are  at 
equal  distance*.  But  if  L  yield  more  light  at  an  equal  tlwlance, 
the  shadow  R  will  he  \i'^9.  dark  than  A,  and  in  order  to  make  hoth 
shadows  alike,  it  w<.iuld  be  ncccasiu-y  to  remove  L  further  from 
the  sereen. 

If  we  assume  that  L  were  really  so  far  removes!  that  both 
shadows  were  again  made  equal,  the  intensity  of  light  yielded  by 
the  two  tlaines  would  be  as  the  squares  of  their  distances  from  the 
Hcreen ;  if,  therefore,  L  Avere  two  or  three  times  further  from  the 
screen  than  /.  the  intensity  of  light  from  L  would  be  four  or  nine 
times  as  gi*eat  as^that  of  /. 
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Reflection  of  liffht  from,  smooth  sttrfnces. — If  we  let  a  my  uf 
sun-light  enter  a  darkened  room,  and  fall  upon  a  polished  metallic 
surface,  we  generally  notice  the  two  following  phenomena : 
1.  We  observe  a  ray  which  seems  to  have  come  in  a  eerUiu 
direction  from  the  mirror,  forming  a  little  image  of  the  tnro 
upon  the  abjecta  with  which  it  comes  in  contact,  as  if  a  direct 
sunbeam  bad  struck  the  s|>ot ;  such  rays  arc  regularly  reflected, 
■nd  the  intensity  of  their  light  is  more  considerable  in  proportion 
as  the  mirror  is  well  polished  ;  2.  From  different  parts  of  the 
dark  room,'  wc  may  distinguish  that  part  of  the  nurror  which 
is  struck  by  the  incident  sunbeam  ;  this  arises  from  a  portion 
of  the  incident  light  being  irrf^gularhj  reflected :  that  is,  scattered 
in  all  directions  from  the  incident  sunbeam.  The  mtensity  of 
the  scattered  light  is  greater  in  proportion  as  the  mirror  is 
imperfectly  polished. 

If  there  were  absolutely  8m(M>th  reflecting  surfaces,  we  should 
not  be  able  to  perceive  thcin  by  our  eyes,  for  bodies  are  only 
rendered  perceptible  from  a  distance  by  the  rays  scattered  upon 
their  surfaces.  Ri'sjiilnrly  refleetod  rays  show  us  the  images  of 
the  luminous  point  whence  they  originate,  but  not  the  rclleeting 
body.  In  a  very  good  mirror  we  scarcely  perceive  the  rclicoting 
surface  intervening  between  us  and  the  images  it  shows  us. 
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Vfe  vrili  now  proceed  to  dcttTminc  Ibe  direotimi  of  regularly 
rdiccted  raj-s.  In  Fig.  239,  if  r  t  be  the  dirwtion  of  the  incidt-nt 
ray,  und  ip  a  perju-ndicular  drnwn  from  the 
surface  of  the  mirror;  the  my  wiU  be  redecrted 
in  such  a  direction  i  d  that  the  angle  of  reflec- 
tion dip  is  equal  to  the  angle  of  incidence  r  ip; 
the  ray,  llierefore,  makes  before  and  after  its 
reflection  the  same  angle  with  the  peri>endicular :  farther,  the 
incident  ray,  the  perpendicular  and  the  reflected  my,  all  lie  in 
the  same  plane. 

By  the  help  of  tbcsc  princi[)]c3  we  may  easily  prove  that  a 
plane  mirror  must  nhow  the  images  of  objects  b'"'n  l>t*forc  its 
amoo<h  mirfaee,  and  that  the  images  and  object  must  be  symrae- 
tjical  in  relation  to  the  reflecting  plane. 

Ijct  m*m  (Fig.  210)  be  a  smooth  mirmr,   /  a  luminouH  point 

before  it,  and  throwing  a  ray  /  i  upon 
it.  Tins  ray  ia  now  refleeied  in  the 
direction  i  c,  in  accordance  wit h 
known  laws,  and  if  the  reflected  ray 
iin]iingc  upon  the  eye,  it  will  produce 
he  same  effect  as  if  it  came  fronj  a 
point  behind  the  mirror,  lying  upon 
the  prolongation  of  c  i,  and  at  a 
dii.t;i:icc  Iruiii  the  cyu  equal  to  the  space  the  ray  must  really 
tmrersc  from  /  to  i\  and  from  thence  to  the  eye;  we  there- 
fore find  this  point  /',  by  prolonging  ci  and  making  j /'  =  i /. 
If  now  we  join  I  and  /'  by  a  straight  line,  we  nmy  easily  show 
that  the  triangica  /  i  *  and  /'  i  k,  arc  equal  to  one  another,  and 
thence  it  fxirther  follows  that  /  /'  is  at  right  angles  to  m  m', 
and  that  I  k  =  i'  k,  in  orders  therefore,  to  find  //w  image,  of  a 
bumnauM  point  on  a  smooth  mirror^  it  is  onltj  necessary  to  let  fall 
m  p^rftndiadar  from  the  luminous  point  on  the  rnitror,  or  on  its 
j^olongaHimf  end  to  prolong  it  as  far  behind  the  surface  of  the 
mirror  as  thr  lumintnts  point  lies  before  it. 

As  this  applies  to  any  point  of  a  body  emitting  light,  wbcther 
that  light  be  it*  own,  or  scattered  rays,  we  niHv  easily  construct 
the  image  of  an  object.  Ix-t  V  IV  l)e  a  plane  mirror  (Fig.  2-H), 
A  B  an  arrow  lying  before  it :  we  shall  find  the  image  of  the 
point,  if  we  let  fall  a  pcrpemlicnlar  A  k  from  A  to  the  surface 
of  the  mirror,  and  make  its  prolongaticm  a  ^- equal  to  A  k ;  all 
the  rnvs  passing  from  A   appear  to  diverge   after   reflection    as 
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"^-  2^*'  if  tbey  came  from  a;  a  ia  therefore 

the  image  of  ^;  in  the  same  way 
it  follows  that  b  moat  be  the  im«ge 
of  B ;  the  appearance  of  the  6gure 
ahows  clearly  that  both  the  image 
and  the  object  are  Bvmmetncal  in 
rt'Iatiou  to  the  surface  of  the  mirrf>r. 

The  direction  of  the  reflected  light 
may,  therefore,  be  detemiined  with 
grromrtncal  exactitude ;  but  this  t;t 
uot  the  case  with  respect  to  the 
ititcnsity  of  the  reflected  rays. 

In  general  the  following  holds 
ir<K>d  : 

1.  The  intensity  of  regularly  re- 
flected light  increases  with  the  angle 
of  incidence,  without,  however,  being  null  at  rectangular  inci- 
dence. 

2.  It  depends  upon  the  medium  in  which  the  light  moves, 
and  ngiiinst  which  it  impinges. 

AVe  will  here  adduce  a  few  examples  for  the  sake  of  making  the 
matter  clearer. 

If  the  rnya  passing  from  the  flame  of  a  taper  fall  nearly  at  right 
angles  on  a  ])late  of  ground  glass,  we  are  unable  to  distinguish  any 
image  of  the  flame,  but  perceive  it  plainly  when  the  rays  fall  upon 
the  glass  obliquely;  in  this  case  we  may  also  see  the  image  on 
polished  wood,  shining  coloured  paper,  &c.  j  whence  it  follows  that 
the  quantity  of  reflected  light  is  increased  in  proportion  with  the 
obliqnity  of  the  rays. 

Angles  oj  reflection. — If  two  mirrors  be  placed  together  at  «iy 
anglcj  we  see  many  images  of  the  objects  intervening  between 
them,  their  number  depending  u[>on  the  inclination  of  the  mirrors. 
Let  F/f'and  ZlVf  in  Fig.  24-2,  be  two  plain  niimjrs,  meeting  at 
right  angles ;  and  A,  a  luminous  point  within  the  angle  formed  by 
them.  In  the  first  place  an  image  of  A  will  be  seen  in  each  mirror, 
appearing  in  the  one  at  w,  and  in  the  other  at  a' ;  an  eye  at  O  will 
see  besides  the  object  A,  the  images  a  and  a'  reflected  from  .^  by  a 
single  reflection.  But  all  rays  reflected  from  one  mirror  may  fall  upon 
the  other  mirror,  and  suffer  reflection  from  the  latter.  As  all  the 
rays  reflected  from  the  first  mirror  diverge  as  if  they  came  from  a,  a 
is  to  some  extent  an  object  which  sends  rays  to  the  mirror  Z  H\ 
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aod  we  limy  coiiHcquently  easily  find  the  rcflectrd  iiim<;p  of/?  in  llie 
mirror  Z  li'\  let  ub  now   let  fall  a  perpendicular  from  tt  on  the 
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prolongation  o(  Z  //',  pmducin*;  u  in  tlie  jiiunncr  already  iiulicalcd, 
when  we  obtain  the  iuiaj;e  a",  from  which  all  the  rays  appear  to 
enianntt',  which  aiT  rcHcctcd  from  the  mirror  V  IV  to  the  mirror 
Z  W,  where  ihey  undergo  a  single  reflection ;  and  thus  the  eye  at 
O  perceives  another  image  at  a"  after  a  accoud  rejection. 

But  the  image  a  is  an  (»bjeet  for  the  minror  V  IV,  and  if  we 
deteruiiuc  the  situation  of  the  image  of  a',  wc  tind  that  it  is  like- 
wise a*' ;  that  is,  all  the  rays  reflected  from  Z  PV  upon  the  mirror 
I''  IV,  diverge  after  the  second  reflection  an  if  they  came  from  a'*. 

The  rays  reflected  a  second  time  do  not  fall  \ij>oa  either  of  the 
mirrors ;  or  in  other  words,  no  further  image  of  a''  is  visible ;  wc 
therefore  see,  besides  the  object  A  in  this  case,  three  images 
of  it. 

If  the  mirrors  had  inclined  at  an  angle  of  &f,  4-5",  or  36",  that 
is,  if  the  angle  they  made  amounted  to  the  f,  i,  or  -j'j,  of  the 
whole  eirrumfcrrnec,  wc  should  have,  inclusive  of  the  object  itself, 
6,  8,  or  10  images. 

\]\iou  ihii*  priuciple  restn  the  construrtioii  of  the  kaleidoscope. 

As  we  have  seeit,  the  nniiiber  of  the  images  increases  if  the 
angle  be  diminished;  their  number  becomes  mlinitely  great  if  tbe 
angle  of  the  mirrors  be  nidi ;  that  is  il'  the  mirrors  be  parallel  to 
carh  other. 

Reflection  from  cwriW  mirrors. —  If  a  ray  of  light  fall  upon  a 
curved  surface  at  any  point,  it  will  be  reflected  exactly  us  if  it  had 
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fnllrn  upon  the  plane  tangtmt  to  this  point.  A  lumiuouft  po'mt 
which  is  placed  in  the  centre  of  a  polished  sphere,  therefore,  wilt 
send  rays  oflight  to  nil  pointH  of  the  8pherical  surface,  which  will 
be  all  thrown  buck  coUiHrtivcly  to  the  centre. 

If  we  take  a  hollow  sphere^  whose  inner  surface  ia  well  polished, 
then  ft  piece  cut  fnnn  this  sphere  by  a  plane  forms  a  conraiY 
gphericui  mirror}  while  aconvex  spherical  mirror  is  a  section  of  a 
sphere  ]K>liahed  externally. 

The  diameter  of  a  spherical  mirror  is  the 
line  m  w',  Fig.  213,  connecting  two  opiK)itite 
points  of  the  edge ;  the  line  c  a,  connecting 
the  middle  point  of  the  sphere  with  the  middle 
of  the  mirror,  is  termed  its  axis;  and  the 
angle  formed  by  the  lines  c  m  and  c  m',  its 
a|K*rt»ire.  The  central  [wint  c  of  the  sphere, 
of  which  the  mirror  is  a  part,  is  also  adlcd  the  centre  nf  curvature. 
Of  concave  sph&icaf  mirrors. — Let  A  B,  Fig.  2-44,  be  the  section 


FIG.  243. 


of  a  spherical  ennenve  mirror,  whose  centre  is  w.  I.»et  a  be  t 
luminous  point,  throwing  its  rays  upon  the  mirror.  If  now  wr 
draw  a  straight  line  a  m  d  fi-om  the  point  n  through  the  centre  of 
the  sphere  to  the  minor,  tliis  line  will  he  the  axis  of  the  coal 
pencil  of  rays  rcHected  by  the  mirror.  It  is  easy  to  find  how  a 
ray  a  ^  of  this  pencil  of  rays  is  reflected  from  the  mirror,  for  the 
straight  line  diawn  from  b  to  the  focus  m  is  the  perpendicular  at 
Ihc  point  of  incidence.  If  we  make  the  angle  i  ==  to  the  angle  i', 
h  r  is  the  reHected  ray. 

If  we  suppose  a  circle  to  be  drawn  upon  the  mirror,  whose 
points  are  all  as  far  from  d  us  h,  it  is  easy  to  see  that  all  rayt 
emitted  from  <t,  and. striking  the  mirror  at  any  point  of  this 
circle,  arc  so  reflected  that  they  cut  the  axis  a  rl  in  the  same 
point  f. 

If  the  luminous  point  be  very  far  removed,  we  may  conaider 
"II  rl'  ^mwa  upon  the  mirror  as  parallel  to  each  other 
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Let  U8  detenniDe  the  position  of  the  point  c  for  this  caac     In 
Pip.   245    let   ff  6   be  ftn    incident   ray   of  light   parallel   to    the 

nxis  ;  b  m  the  pcrju-u- 
diciilar  at  the  point  of 
inciduuce ;  then  it  ia 
evident  that  i  ^  j".  If 
now  the  angles  t  and 
X  are  very  snmllj  the 
<-  that  the  sum  of  the  Hides  be  and  cm 
-m  the   radius  b  m,  and   since  be  =:  c  m. 


~e 


angle   b  c  m  i> 
not  much  gi^.  i. 

is  very  nearly  equal  to  ^  b  m,  that  is,  almost  eqnal  to  half 
e  radius  ;  we  may  therefore  assume  without  any  serious  error 
that  rays  parallel  with  the  axis,  falling  upon  the  mirror  in  such 
points  b  that  the  arc  b  d  embraces  but  a  small  angle,  meet 
at  one  point  of  the  axis,  lying  eqiii-distant  between  the  centre 
^rf  the  mirror  and  the  mirror  itself.  Rays  lying  so  near  the  axis 
^^hat  the  Talae  of  m  c  does  not  differ  materially  from  ^  m  b 
^^■e  termed  central  rays.  The  point  \)'i  union  of  the  parallel  and 
^Hentml  incident  mv^  boars  the  name  of  the  prineipal  foeus.  (It 
will  be  marked  F  in  the  following  Hgures.)  This  focwi  /w,  as  we 
have  stffit  equi-diHiani  bftween  (he  centre  of  the  mirror  and  the 
b     mirror  itsrlf,  upon  the  axis  of  t/te  poraUel  raya. 

^B  'lo.  246.  no.  247. 


Hto] 


The  more  the  angle  i  increases,  that  is,  the  further  the  rays  fall 
m  the  axis  of  the  mirror,  the  greater  is  the  curvature  of  the 
mirror  from  the  point  of  incidence  to  its  centre,  and  the  more  the 
point  c,  in  which  the  rellcctcd  rays  cut  the  axisj  approaches 
the  mirror.  The  point  of  union  of  the  rays  tluit  arc  not  central 
lies,  therefore,  nearer  to  the  mirror  itself  than  tlie  principal  focus, 
as  may  be  seen  from  the  Fig.  247. 

ilti  order  to  make  a  concave  mirror  applicable  to  optical  f>urposcs, 
c  rays  rmitled  from  one  point  must  re-unitc  as  nearly  as 
issible  in  another  single  point.     This,  however,  is  only  p()ssible 
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if  the  aperture  of  the  miiTor  be  inconsiderable^  not  exceeding,  j 
at  iiiostj  8  to  10^;  for  in  that  case  we  may  consider  all  the  nytffl 
falling  upon  the  mirror  as  central  rays.  We  will  euntiae  ourselves  " 
to  the  consideration  of  such  niiri'ors,  and  eonsecpicutly  of  central  i 
raya  only.  ■ 

The  above  mentioned  fault  that  all  rays  falling  parallel  witJi  t 
the  axis  are  not  united  exactly  in  one  point  is  termed  sphfncoi  , 
aberration.  ■ 

If  the  luminona  point  is  not  at  an  unreasonable  distance,  but  ^ 
simply  such  a  one  that  wc  cannot  neglect  the  divergency  of  the 
rays  falling  upon  the  mirror  the  focu6  will  change  its  position, 
departing  more  and  more  from  the  mirror  the  nearer  the  luminou* 
point  approaches  it.  That  such  is  the  ca»e  may  caiiily  be  scea 
from  Fig.  248.     The  nearer  the  luminous  point  is,  the  smaller 
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will  be  the  angle  i  to  the  same  point  b  of  the  mirror,  the  snii 
also  will  be  the  angle  i',  and  the  more  c  will  move  towanbl 
m.  Ifj  therefore,  a  luminous  point  constuitly  approaehea  the{ 
mirror,  from  which  it  was  so  fur  removed  that  its  rays  were 
again  concentrated  in  the  principal  focus,  the  focua  will  continue 
to  recede  from  the  principal  focus,  approaching  the  ccntnl 
poiutj  until  at  last,  when  the  luminous  point  is  in  the  centre 
of  the  mirror,  the  focus  coincides  with  it.  If  the  huuinous  point 
approach  »till  nearer  to  the  mirror,  the  focus  falls  farther  and 
farther  from  the  n»irror;  and  if  it  arrives  at  the  principal  focus, 
its  ray.s  will  be  reHecteU  from  the  mirror  panillel  with  the  axis.  , 

Fig.  249  represents   the  only  remaining  ease,  namely  that   of  fl 
Fio.  219.  the    luminous   point  s  lying   between  the™ 

mirror  and  the  principal  focus.  Here  the 
rayb  are  so  reflected  that  they  diverge  ufteri 
the  reflection  as  if  they  had  come  front] 
:i  point  V  lying  behind  the  mirror,  and] 
which  may  easily  be  found  by  construction 
■     f^r  any  given  case. 
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We  have  hitherto  considered  only  such  luminous  points  as 
lie  on  the  axis  of  the  mirror,  where,  consequently,  the  axis  of  the 
njn  thrown  upon  the  mirror  coincides  with  the  axis  of  the 
Tor  itself.  Ail  the  laws  wc  have  hitherto  developed  apply, 
rever,  equally  to  such  luminous  points  as  lie  out  of  tlie  axis 
of  the  mirror;  let  A  be  such  a  lumijtous  point  in  Fig.  250.     If 

Pio.  250. 


we   draw  a   iinr    from   A    ihnm^h    w   tn   the   tinrmr,  this   is    the 

axia  of  the  conical  pencil  of  rays  cast  on  the  mirror,  and  on 

this  axis  all  the  rays  emanating  trom  A  must  again  unite.     If 

^m  whole  pencil  of  rays  fell  parallel  to   A  m  h  upon  the  mirror^ 

^Hiey  would   re-unite  after  reflection   in  the  point  /,    lying  half 

^^ray  between   m  and  b ;    as,  however,  the  rays  coming  from   A 

diverge,  their  point  of  re-union  will  lie  further  from  the  mirror 

than  /.     Wc  may  easily  find  this  point  of  union  by  construction. 

Let  us  draw   a  tine  A  n  from   A  parallel  with  the  axis  of  the 

L     mirror.     A    ray    falling   uj»on   the  mirror    in    this  direction    will 

^Bnidently  be  retloeted  towards  the    principal  focus  F;  if  now  we 

^^aw  a  line  from  n  through  F,  this  line  will  cut  the  line  A  m  b^ 

the  point  of  intersection  a  is  clearly  that  in  which  all  the  rays 

coming  from  A  are  again   united    after  their   reflection   by   the 

mirror  :  in  short  a  is  the  image  of  A^  ~ 

Of  the  images  produced  by  concave  mirrors. — In    Fig.  251   let 
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A  B  represent  an  object  lying  between  the  centre  of  currnture 
C  of  the  mirror,  and  the  principal  focus  F,  From  what  has  been 
already  said,  it  is  easy  to  tind  the  image  of  the  point  yl  as  it  hes 
upon  the  line  drawn  through  C  and  A,  since  a  ruy  j^  n  is  rtrdectcd 
in  the  direction  n  A,  A  ray  A  e  falling  from  a  parallel  to  the 
main  axia  on  the  mirror,  will»  however,  be  reflected  by  the 
principal  focus  F.  The  rays  redected  in  the  dirtrctioQS  n  A 
and  e  F  intersect  each  other  at  a,  and  here  is  the  image  of  A. 
In  like  manner,  we  can  find  the  image  b  of  the  point  B,  and 
thus  we  see,  tfmt  by  means  of  a  concave  mirroVf  we  may  obtain 
bey<md  C  an  invtrted  and  enlarged  image  of  an  object  A  B  lying 
between  the  principal  focal  point  and  the  centre  of  curvature. 

As  the  rays  issuing  from  A  are  united  ut  a,  so  conversely^  if 
were  a  luminous  pointy  the  rays  issuing  from  it  would  be  reflected' 
by  the  mirror  at  A  ;  in  short  A  is  in  this  case  the  ima^  of  o ;  in 
like  manner  B  is  tlic  image  of  b.  If  therefore,  an  object  a  b  6* 
beyond  the  centre  C,  the  amcave  mirror  mil  give  an  inverted  and 
diminished  image  between  the  centre  C  and  the  principal  focal 
point  F. 

Tlic  images  wc  have  been  considering  arc  essentially  different 
from  those  yielded  by  plane  miri'ors.  All  rays  emitted  from  a 
luminous  point  ore  reflected  from  a  plane  mirror  in  such  a 
direction  as  if  they  came  fi*om  a  point  behind  the  mirror,  conse- 
quently they  diverge.  In  the  cases  above  considered,  however,  the 
rays  issuing  from  any  point  of  the  object  arc  actually  again 
collected  by  means  of  the  mirror  in  one  point ;  we  will,  thercfon'j 
for  the  sake  of  distinction  call  these  images  cou\crgcut  imagett. 
They  may  be  received  on  a  screen  of  white  pa])or  or  ground  glass, 
and  an  image  may  be  thus  obtained  exactly  resembling  the  object 
in  ail  its  relations;  the  points  of  the  screen  btrongly  illuminated 
by  the  concentration  of  the  rays  scatter  the  light  in  all  directions, 
and  the  image  is  then  still  visible  if  the  rays  reflected  from  the 
mirror  do  not  come  direct  to  the  eye. 

The  further  the  object  is  moved  from  the  concave  mirror,  the 
more  the  image  must  ajiproach  the  principal  focal  point,  as  may 
easily  be  understood;  the  image  of  the  immeasurably  remote  sun 
must  therefore  lie  in  this  focal  pomt,  if  the  axis  of  the  mirror  be 
directed  towards  the  sun.  If  the  sun-beams  fall  obliquely,  and 
consequently  not  in  the  direction  of  the  axis  of  the  min-or,  the 
image  will  of  course  no  longer  be  in  the  axis,  but  to  the  side  of  it, 
its  distance  from  the  mirror  being,  h<»wever,  always  equal  to  half 
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tbe  rmdins  of  cnrvature  of  the  latter.  As  the  suu  ap|M.'ars  to  us  at 
so  angle  of  about  30,  the  image  of  the  sun  seen  from  C  must 
appoiT  at  the  saue  an^le ;  its  absolute  size  depending  consequently 
upon  the  radius  of  cun-ature  of  the  mirror.  For  instance  in  the 
focus  of  HerschePs  large  reflector,  whose  radius  of  curvature  is  50 
feet,  the  sun's  image  is  about  3  inches  \\\  diameter;  the  diutiieter 
uf  the  sun's  image  is  about  3  millimetres  if  the  radius  of 
curvature  of  the  mirror  be  1  metre. 

In  order  to  find  the  radius  of  curvature  of  a  concave  mirror,  we 
need  only  measure  the  distance  at  which  the  sun's  image  lies  from 
the  mirror,  since  twice  this  distance  is  equal  to  the  radius  of 
curvature  required.  The  images  of  such  objects  as  are  removed 
more  t]ian  100  times  the  length  of  the  radius  of  curvature  from 
the  mirror  are  extremely  near  the  focus  itself. 

We  ha\x  still  to  ascertain  the  position  of  an  image  for  the  case 
where  the  object  lies  between  the  mirror  and  the  focus.  We  have 
seen,  that  all  rays  emanating  from  a  luminous  point  that  is  nearer 
to  the  concave  mirror  than  is  the  prinei]ial  focal  point,  are  reflected 
as  if  they  came  from  a  point  behind  the  mirror ;  in  the  case  we  are 
about  to  consider,  there  cannot  therefore  arise  any  combined 
convergent  image, 

no.  252.  Let    A  B,      Fig. 

252,  be  the  object 
whose  image  we 
would  seek.  The 
ray  A  n  falling  at 
rii::lit  angles  upon 
the  mirror  is  rc- 
Ikcted  in  the  direc- 
tion n  A  C,  while 
the  ray  A  <?,  which 
strikes  the  iniiror  tn  a  ilu'eclioM  ]>onillel  to  its  axis,  will  be  thrown 
back  towards  the  prineijial  focal  puiiit  F;  the  rays  n  A  C  and  *  F 
do  not  however  coincide,  but  their  directions  intersect  each  other 
behind  the  mirror  at  a,  if  prolonged  sufficiently  backwards ;  and 
this  |>oint  a  is  the  image  of  A.  In  like  manner,  the  image  b  of  the 
point  B  may  be  found  ;  if  therefore  ih^  object  lie  between  the  facxvs 
m\d  ilyt  mirror,  a  magnified  and  erect  image  will  fall  behiJid  the 
mirror ;  it  is  therefore  precisely  the  same  as  images  of  plane 
mirrors^  with  the  exception  of  tlie  enlargement  of  the  image. 


UtrWU^tam^mmwm,W^»%,ABw^6biMhtfoniU 

A  RT  A  m  Ulmg  at 
rt^  sD^ics  to  the 
■wmr  wiQ  be  k- 
dectod  in  the  direc- 

tjwQ  m  At  while  the 
nj  A  e  pumlle:!  U) 
Ufee  axU  will  be 
in  the 
e^,  BB  if 
it  caoK  from  the 
v^ertKsl  prmcipBl 
focu«  F.  If  mt 
prolong  €  g  and  a  ^  backwards,  theae  wHl  cut  eadi  other  behind 
the  mirntr  at  d ;  Ti  s  the  image  of  A,  that  is  to  aaj, 

all  rays  emitted  i  dectcd  br  the  ooavex  mirror,  as  if 

they  came  from  a. 

AAi^r  we  have  foand  the  image  h  of  the  |K>mt  nf  B^  we  shoJl 
easily  |H;rccive  that  we  obtain  in  cmnex  nurrort  diminuAtd  ertei 
inuiyea  hi'hind  the  mirror. 

Of  the  focal  (iM$  or  cauitict. — Although  the  rmys  of  light 
cmittnd  from  a  luniinoua  point  do  not  unite  again  in  the  same 
|M)inl  after  tlirir  retlcrtion  fromacuned  surface,  every  two  adjacent 
rcrflertcd  rays  will  alwuys  intersect  each  other;  all  pointa  of  inter- 
section of  two  adjacent  rnys  reHected  in  the  some  plane  yield  a 
curved  line,  termed  the  focalj  or  caustic  line,  and  their  nature 
di!p(indN  upon  th<!  nutiire  of  the  rcHecting  surface.  All  caustic 
lim-H  prodvu'cd  by  n  rtihcting  curved  snrfiicc,  form,  when  tjikcn 
collectively,  a  curved  surface  tcrined  n  caustic  surface.     Near  thw 
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foruu:d  by  a  curved  retiecCiiig  btrip  of  steel. 
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tlie  inteiiaity  of  the  light 
is  the  greatest,  as  we  may 
sec  by  the  lieart-shaped 
line  fonning  itself  withiu  a 
eylindrieal  vessel  or  a  ring^ 
when  either  is  lighted  by 
the  rays  of  tlie  sun  or  of 
a  Hame.  Kig.  255  showd 
a  focal  line  of  this  kind 
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DIOPTHIC6,    OR    THE    REFRACTION    OP    LIOHT. 

By  refraction  we  mean  the  deviation^  or  change  of  direction 
suffered  by  a  ray  of  light  in  passing  fi-om  one  medium  to  another. 
The  following  experiment  will  convince  us  of  the  actual  occurrence 
of  iiuch  u  change  lu  direction. 

Let  us  lay  a  piece  of  money,  or  a  piece  of  metal,  m  at  the  bottom 
yie.  2S6.  of  a  vessel  r  v\  Fig.  256,  and 

direct  the  eye  o  in  such  a 
manner  as  to  sec  merely  the 
edge  of  the  object^  while  the 
rest  of  it  api>car8  covered  by 
the  rim  b  of  the  vessel.  If 
now  water  be  poured  into  the 
vessel,  the  piece  of  money  will 
appear  to  rise  more  and  more, 
and  as  the  level  of  the  water  rises  in  the  vessel,  the  whole  piece  of 
money  wdl  at  last  become  visible,  appearing  to  lie  at  n,  although 
in  tlic  meantime,  neither  the  object  nor  the  eye  have  changed  their 
positions,  llic  light  no  longer  comes  in  a  straight  line  from  m  to 
0^  but  describes  the  broken  line  m  i  o. 

The  angle  of  incidence  in  refraction  as  in  reflection  is  the  angle, 
which  tlK^  incident  ray  /«.  Fig,  257,  makes  with  the  perpendicular 
I II  let  fall  at  the  p-jint  of  incidence. 
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rtfi.  257. 


via.  25H. 


The  angle  of  refraction  is  thai  angle  miide 
by  the  refmctc'd  ray  ir  with  the  prolongation 
i  n'  of  the  perpendicular  at  the  point  of 
incidence. 

Hie  fjiane  of  incidence  is  that  which  pa^sea 
through  the  incident  ray,  and  the  perpen- 
dicular at  the  point  of  ineidence;  the  plane  of  refraction  passes 
through  the  refracted  ray  and  the  above  perpendicular. 

The  plane  of  refraction  corresponds  with  the  plane  of  iucidfiiee, 
but  the  following  relations  exist  between  the  angle  of  incidence 
aud  the  ang;1e  of  refraction. 

Let  /  bj  Fig.  358^  be  a  ray  of  light  falling  upon  n  surface  of  water, 

and  bf  the  corresponding  refracted 
ray.  If  we  now  suppose  a  circle  to 
be  drawn  around  A,  it  will  intersect 
the  incident  ray  at  a,  and  the 
^refracted  ray  at/;  and  letting  fall  a 
/peii)endieular  a  d  from  a,  aud  another 
f  d'  from /on  the  perpendicular  at 
the  point  of  incidence  then  f  d,  will 
be  i  of  a  d. 

The  saute  relation  always  exists  in 
the  ])assage  of  a  ray  of  light  from 
the  air  into  water  between  the  direc- 
tion of  the  incident  and  the  refracted 
ray.  If  iu  Fig  259  the  incident  ray 
/  c  were  refracted  towards  c  r'^  I  c 
towards  c  r,  and  /''  c  towards  c  r", 
then  r"/'  =  }  /"  «i ',  r/  =  J  /  rf  and 
r'/  =  I  /•  rf'. 

If  the  radius  of  the  circle,  Fig. 
259,  be  =  1,  we  call  the  above- 
mentioned  perpendieuhir  the  sine  of  the  corresponding  angle;  /' rf* 
IB  the  sine  of  the  angle  I' c  p  ;  I  d  ^=:  sin,  I  c p]  l'*  d*' ^  tin. 
l"cp\  in  the  same  manner  r'/;=  *tii.  r*  c;;';  rfi=8in,rcp*; 
r*'  f  =  «n.  r"  c;?'. 

By  the  introduction  of  this  designation,  the  law  of  refraction  for 
the  passage  of  rays  of  light  from  air  to  water  may  be  simply 
expressed  as  follows : 

The  sine  of  the  angle  of  refraction  is  always  \  of  the  sine 
of  the  corresponding  angle  of  incidence. 
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In  their  passage  from  the  air  to  glass,  rays  of  light  undergo 
a  more  decided  deviation;  for  in  this  ease  the  sine  of  the  angle 
■■  refraction   is    about    |    of    the  sine  of   the  angle    of   inci- 
pHbiee. 

The  relation  in  which  the  sine  of  the  angle  of  refraction  stands 
to  the  sine  of  the  ai»j>le  of  incidence  is  for  every  substance  different; 
thia  relation  is  designated  by  the  term  nf  the  index,  or  exponent 
I     of  refraction.     The  value  of  the  index  of  refraction  is  for  : 


"Water 

Glass 

Diamond 


i 
+ 
^ 


In  the  transition  of  light  from  the  air  to  the  diamond,  the 

e  of  the  angle  of  incidence  is  consequently  2\  times  greater 

an  the  sine  of  the  angle  of  refraction ;  in  the  diamond,  therefore, 

the    rays   of    light    suffer   a    very    considerable    deviation.      The 

diamond  is  a  highly  refracting  substance. 

Jiefraetion  of  light  in  priftms. — A  prism  is  a  term  applied  in 
optics  to  a  transparent  medium,  bounded  by  two  surfaces  inclining 
towards  each  other.  /i.^i.^*_ 

The  edge  of  the  prism  is  the  line  in  which  the  two  bounding 
surfaces  intersect,  or  would  intersect  each  other,  if  they  were 
sufficiently  extended. 

The  base  of  a  prism  is  any  one  of  the  surfaces  opposite  to  one 
of  the  refracting  edges,  whether  it  actually  exist  or  is  only 
imaginary. 

'  The  refracting  angle  is  the  angle  made  by  the  two  surfaces  of 

the  prism. 

The  principal  section  is  the  section  of  the  prism  by  a  plane  at 
^^  right  angles  to  one  of  its  edges. 

^H  riG.  260,  The  piisms  generally  made  use  of,  are  such 

^^^^L    1  Z'    ^  ^^  bounded  by  rectangular  surfaces  a  b 

^^^V  /H^I^HBb  ^'  ^''  b  c  b*  c\  and  c  a  c*  a.  If  light  pa.ss 
^B  ^^v^^^^^^^^  through  the  surfaces  a  b'  and  a  c',  a  a*  is 
^^  *  a'   the   refracting  edge,  and  the  surface   b  c* 

the  base ;  hb*  h  the  refracting  edge  if  the  ray  of  light  pass  the 
surface  b  a'  and  b  c'. 

The  principal  section  of  such  a  prism  is  a  triangle,  and  according 
as  this  latter  is  rectangtilar,  isocelcs  or  equilateral,  the  prism  is 
feetangular,  isocelcs,  or  equilateral. 


^ 
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The  prisms  arc  usn»Uy  fasteucd  to  &  brass  stand 
(Pig.  JM>1). 

By  pushing  the  rod  /  up  or  down  the  tul)r 
in  which  it  is  inserted,  the  prism  may  be  nuscd 
or  lowered,  and  by  means  of  the  joint  al  ^  it  way 
be  inclined  in  any  direction. 

If  we  hold  a  priam  in  such  n  manner  that  the 
refracting  edge  La  directed  upwards,  we  ohaorvc 
on  looking  through  it  two  remarkable  phcnomwi*; 
in  the  Hrst  place,  all  objects  appear  to  be  ninsider- 
ably  displaced  from  the  position  they  actually  occupy, 
and  so  much  raised  that  the  eye  at  o  (Fig.  262) 
aeea  the  object  a  through  the  prism  at  a* ;  and 
secondly,  they  appear  to  have 
coloured  edge^.  If  the  refract- 
ing edge  were  directed  down- 
wards, all  object*  seen  through 
the  prism  would  seem  to  be 
removed  downwards  out  of  thdr 
ritrht  place.  A  vertical  prism 
disjilaccs  objects  to  the  right 
to  which  the   refracting   edge  ia 
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side 


or  left   according  to  the 
turned. 

Hy  altering  the  experiments  in  this  manner,  we  shall  easily 
be  convinced  that  all  objects  seen  through  the  prism  appear 
removed  towards  the  direolion  of  the  refracting  edge. 

If  B  ray  of  sun-light  enter  a  dark  i^oom  through  a  small  opening 
in  the  direction  r  rf,  and  be  received  upon  a  prism,  we  shall  obsen'c 
a  deviation  and  a  colouring.  If  the  prism  is  in  an  horizontal 
position,    and   its  refracting  edge  turned  upward,  instead  of  the 

white     round     image    of    the     sun, 
which 
prism 
itiiagc 
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would    appear    without    the 
at   </,    we    perceive    an    oval 
coloured  with  the  hues  of  the 
rainbow,  the  sol/tr  spectrum^  at  r.     If 
the  refracting  margin  were  dirccti-d 
<lown wards,  the  prismatic  solar  iniiigc 
would  appear  above  d.     By  a  vt^rticsJ 
prism,,  the  sun's  image  would  deviate 
to  the  right  or  left  according  to  the  [xiBitinn  of  the  former. 
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These  phenomena  of  colour  will  be  aubseqiiently  considered,  we 
vhoU  at  preaent  only  sjjeak  of  the  deviation. 
iTlie  above-mentioned  phenomena  admit  of  easy  explanation. 
Let  fl  «  (Fig.  26-1)  be  the  first,  and  a'  s  the 
second  surface  of  a  glass  prism ;  /  i  the 
incident,  i  i'  the  refracted,  ajid  i'  e  the 
t'lner^nt  ray.  On  its  passage  from  the 
air  into  the  glass,  the  incident  ray  ia  re- 
fracted and  brought  nearer  to  the  perpen- 
dicular at  the  point  of  incidence  i  n  \  having 
reached  the  second  surface^  it  is  again  refracted,  but  removed 
further  from  the  perpendicular  i'  n'  on  its  transition  into  the  air. 

A  prism  will,  other  circumstances  being  the  Ramc,  cause  rays 
of  light  to  deviate  in  proportion  to  the  raagiiitude  of  the  refracting 
angle.  If  this  angle  be  CCK^,  the  deviation  will  be  more  consi- 
derable than  with  one  of  only  45*\ 

A  prism  consisting  of  a  strongly  refracting  substance  causes 
the  rays  of  light  to  deviate  more  considerably  than  a  like- 
shaped  prism  of  a  less  powerfully  refracting  substance.  In  a 
prism  of  water,  the  deviation  is  leas  considerable  than  in  one  of 
glass. 

In  the  same  prism  the  amount  of  deviation  varies  according 
to  the  direction  in  which  the  rays  of  light  arc  incident  uj>on  the 
first  surface. 

On  looking  at  an  object  through  a  prism,  we  see  how  the  image 
removes  further  from  the  position  of  the  object,  anil  then  again 
draws  nearer  to  it  as  we  turn  the  prism  on  its  axis.  The  smallest 
deviation  occurs  in  the  case  where  the  rays  traverse  the  prism 
gymmctrically,  as  seen  in  Fig,  264-.  If  the  direction  of  the  incident 
ray  were  changed  to  one  side  or  the  other,  the  deviation  would 
increase. 

In  order  to  make  prisms  of  liquids,  hollow  prisms  arc  used, 
having  their  lateral  sides  formed  of  glass-plates. 

Refraction  of  lighi  by  lenses, — ^The  term  lens  is  applied*'  to 
transparent  bodies  possessing  the  property  of  increasing  or 
diminishing  the  convergcncy  of  the  rays  that  pass  through  them. 

We  shall  here  only  treat  of  spherical  fcnseSf  that  is,  such  as  have 
their  bounding  surfaces  composed  merely  of  portions  of  splicrical 
aurfaccs  and  planes,  since  these  alone  are  applied  to  optical 
instruments.  There  arc  also  rl/iptiralj  parnhotic,  cijlindrical,  and 
ler  lentea,  exhibiting  phenomena  similar  to  the  spherical. 


^ 
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There  are  six  different 


rto.  36^. 


kinds  of  IroseAy  acftiotw  of  which  on- 
represented  st  Pig.  265.  m  n  m^ 
convex  lens,  the  one  that  u  boonded  br 
tvro  externally  convex  spherical  fturfaoea. 
The  plane-convex  lens  b  b  botiaded  hf^ 
one  plane  and  one  oonTex  aurfiMSe. 

The  concave-convex  lenses,  bounded 
by  one  convex  aud  one  concave  surface,  as 
e  and  f,  are  also  termed  Meniscus  lensfs ; 
they  arc  dindcd  into  two  kindsp  according 
as  the  degree  of  curvature  of  the  concave 
surface  is  the  lesser  of  the  two  aa  at  d 
the  greater  sb  at  f,     d  represents  a 


or 


bi'Concar'e    Icns^    e  one   that   is  planth 
concave. 

The  three  former,  a^  b,  and  c,  are 
thiclter  at  the  centre  than  at  the  edges,  and  arc  tenued  convergent 
lenses.  The  three  latter,  </,  e  and/,  which  are  thinner  in  the 
middle  than  at  the  edges  are  termed  divergent  lenses. 

The  axis  of  a  lens  is  the  straight  line  uniting  the  centre  of 
both  the  spherical  surfaces,  by  which  the  lens  is  formed.  In 
plano-concave  and  plano-convex  lenses,  the  axis  is  the  perpendi- 
cular passing  from  the  centre  of  curvature  to  the  plane. 

In  order  to  dcvclopc  the  most  important  propositions  concerning 
the  refraction  of  light  by  lenses,  we  must  once  more  return 
to  prisms,  and  consider  more  attentively  the  case  where  the 
refracting  angle  of  the  prism  is  very  small. 

In    a  prism   of  small    refracting   angle,    as   in    Fig.   266,  the 
¥\f..  2r,r..  deviations  may,  without   any  serious   error, 

be  considered  proportional  to  the  refract- 
ing angle.  A  prism  whose  refracting  angle 
is  twice  as  great  as  that  in  Fig.  266, 
would  produce  twice  as  much  deviation  ; 
and  if  the  angle  were  only  half  the  sire  of 
260,    the   deviation   would   only   be   half   as 

In  Fig.  267  n  h  c  d  is  an  elongated  rhomb,  to  which  is  joined 
above  a  parallel  trai>(?tsium  a  b g  f  and  below,  a  like  figure;  the 
triangle  f  g  k  is  therefore  found  above,  and  one  precisely  like  it 
below,  Tlie  two  sides  of  the  parallel  trapezium,  which  are  not 
parallel  to  each  other,  fortii,  when  prolonged,  the  isosceles  triangle 


I 

I 


REriUCTlON    or    LIGHT    BY    PRISMS. 


241 


FTG.  267.  with  an  angle  nt  the  apejc, 

which  must  be  half  a« 
large  aa  the  angle  at  the 
apex  of  the  upper  triangle 
nt  A. 

If  we  supiiose  the  whole 
figure  turned  round  the 
uia  M  Ay  there  will  arise  a  Icns-tikc  body,  composed  of  many 
BODtt.     The  middle  of  this  will  be  a  plane  disc. 

If  now  rays  of  light  coming  from  one  point  of  the  axis  M  N 
meet  thia  eone-systcra,  we  may  determine  the  deviation  suffered 
bj  the  rays  of  light  in  each  of  these  zones,  according  to  the  laws  of 
the  refraction  of  light  in  prisms. 

Let  the  point  S  lie  so  that  a  ray  of  light  coming  from  it,  and 
meeting  the  surface  a  g  m  i,  may  experience  the  minimum  of 
deviation  in  its  passage  through  abgf,  then  the  emergent  ray 
will  be  S)'mmetrical  with  the  incident  ray,  intersecting  the  axis 
at  a  point  H,  as  far  from  the  lens  as  S. 

A  ray  of  light  undergoing  the  minimum  of  deviation  in  the 
triangle  kfg^  is  turned  twice  as  far  from  its  original  direction 
at  in  f  g  a  d,  because  the  refracting  angle  of  the  upper  prism 
is  twice  as  large  as  that  of  the  lower  one.  Such  a  ray  of  light, 
suffering  the  minimum  of  deviation  in  the  upper  triangle,  passes 
through  the  latter  in  the  direction  /  m,  which  is  parallel  to 
the  axis  MS;  the  incident  ray  as  well  as  the  emergent  one  will, 
however,  necessarily  make  twice  as  large  an  angle  as  the  incident 
and  emergent  rays  corresponding  to  the  minimum  of  deviation 
in  abfg;  if,  therefore,  a  ray  So  p&ss  from  Sf,  making  twice 
as  large  an  angle  with  3/  jV  at  S  r,  it  will  be  at  the  miuimum 
of  deviation  in  /"g  A,  and,  going  symmetrically  from  the  other 
idde,  will  be  refracted  towards  R.  The  ray  SlmR  passes  through 
the  lens  at  twice  the  distance  from  the  axis  as  the  ray  S  i  k  R, 
which  undergoes  only  half  as  great  a  degree  of  deviation. 

If  wc  suppose  the  broken  lines  dbfh  and  cagh  of  the 
former  figures  to  be  replaced  by  circular  ares,  whose  centres 
lie  upon  the  axis  M  N,  we  shall  have  a  regular  lens,  Fig.  267, 
instead  of  the  lens-like  body  we  have  been  considering,  and  a  ray 
of  light  falling  u|K>n  the  lens  at  any  spot,  as  at  /i,  will  be  refracted 
exactly  as  if  it  lind  fallen  upon  a  prism,  whose  diagonal  section 
wc  obtam  by  di'awing  tangents  to  the  circular  arcs  nt  a  and  the 
points  op|>ositc. 
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If 


to  drew 


we  were 
tanf^Dts  on  both  sides 
from  a  second  jjoinc 
bf  twice  a«  far  from 
the  axis  as  a  is,  these 
tangents  wouJd  inter- 
sect each  other  at  an 
angle  twice  a^a  large  a^  the  angle  at  which  the  tangmts 
drawn  from  a  interfioct  each  other.  If  now  a  ray  of  light  paa 
through  the  lens  a  parallel  to  the  axis,  it  will  make  equal  angles 
with  the  axis  on  its  entrance,  and  after  its  leaving  the  lens,  inter- 
secting the  axis  at  the  points  S  and  i?,  which  are  equidistnnt  on 
either  side  from  the  lens.  If  now  a  second  ray  of  light  pass  from 
S,  meeting  the  lens  at  A,  it  will  exjKTience  twice  as  great  a  devia- 
tion as  at  a,  and  on  that  account  will  Ukewise  be  refracted  towards 
R,  A  ray  of  light  passing  from  Sj  and  falling  upon  tlie  lens  at 
Ci  which  is  three  times  as  far  from  the  axis  as  Oj  will  experience 
three  times  the  amount  of  deviation  that  the  rays  incident  at  < 
undergo,  and  which  arc  therefore  refracted  towards  the  same 
point  H. 

What  has  been  said  of  a,  b  and  c  applies  equally  to  the  inter- 
vening points  J  in  such  a  lena  as  is  represented  at  Fig.  268.  there 
is  a  point  S  upon  the  axis,  having  the  property  that  all  rays  coming 
from  it  and  meeting  the  lens  arc  concentrated  by  the  latter  in  one 
and  the  same  point  R,  which  lies  as  far  from  the  lens  on  the  other: 
side  as  S, 

These  statements  apply,  however,  only  where  the  curvature  of 
the  lens  from  the  centre  towards  the  edges  is  inconsiderable,  for 
in  that  case  only  is  the  inclination  of  the  tangents  proportionate^ 
to  the  distance  of  these  points  of  contact  from  the  aada.  In  the 
lenses  of  which  we  are  now  about  to  speak,  the  curvature  from  the 
middle  towards  the  edges  is  inconsiderable. 

As  long  as  the  angle  at  which  the  incident  ray  fall  upon  a  prism 
of  small  refracting  angle  does  not  deviate  much  firom  a  right 
angle ;  as  long,  therefore,  as  the  rays  meet  the  prisms  nearly  i 
the  direction  corresponding  to  the  minimum  of  deviation,  the 
deviation  produced  by  the  prism  will  not  differ  materially  from  the 
minimum  degree. 

This   likewise  apphcs  to  lenses.     If  the  lens,  Fig.  268,  meet 
a  ray   o^  ^*S^t   at  c,  the  direction  of  which  does  not  deviate 
any  grc«*  <^xtent  from  the  direction  S  c,  the  dcmtion  experienced 
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by  rclractiou  in  the  lens  will  be  the  same  as  that  experienced  by 
the  ray  S  r. 
In  Pig.  2G9,  let  S  be  that  point  of  the  axis  M  N,  whose  rays, 
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meeting  the  lens,  traverse  it  synitnetrically  and  arc  united  on  the 
other  side  in  a  point  R  a»  far  distant  from  the  lens  as  S.  The 
ray  S  c  which  falls  upon  the  lens  near  its  margin  is  refracted  in  the 
direction  c  R,  the  incident  and  the  refracting  ray  making  the 
an^le  S  c  R, 

U  now  a  ray  of  light  coming  from  T  instead  of  S  fall  upon  the 
\eu»  at  «,  the  ray  Tc  would,  from  what  has  been  said,  exj>crience  a« 
great  a  deviation  as  5?  e;  we  should  therefore  ascertuiu  the  direc- 
tion of  the  ray  after  its  leaving  the  lens,  by  drawing  the  line 
c  7^  in  such  a  manner  that  the  angle  T  c  T"  should  be  equal 
to  the  angle  S  c  R,  or  in  other  words,  we  must  make  wit!i  c  R 
an  angle  R  c  T  which  shall  be  equal  to  the  angle  formed  by  T  c 
and  S  c. 

But  the  my  Td  proceeding  from  T  is  refracted  after  leaving 
that  point  of  the  axis,  and  falls  upon  the  lower  border  of  the  lens ; 
in  fact  all  rays  coming  from  T  falling  upon  the  lena  meet  at  7*', 
for  in  the  same  proportion  in  which  the  incident  rays  approach 
the  axis,  they  deviate  less,  and  hence  unite  together  in  V  j 
BO  iongj  at  any  rate,  as  the  angle  which  the  external  incident 
ny%  make  with  the  axis  does  not  exceed  certain  Ixjunds;  (that 
ia  to  Bay,  does  not  become  so  large  that  we  can  no  longer 
without  marked  error  consider  the  angles  proportional  to  their 
tttkgents.) 

If,  therefore,  the  luminous  point  approach  the  lens  from  S, 
the  point  of  union  of  the  rays  will  recede  further  from  the  lens 
to  the  other  side ;  the  more  T  approaches^  the  further  V  will 
recede  ;  the  latter  recedes  much  more  rapidlyj  however,  than  the 
former  approaches. 

Let  us  now  examine  how  rays  coming  from  a  point  F  of  the 
axis  are  refracted  by  the  lens,  Fig.  270.  F  being  so  situated  that 
Fc  ^  F  S.     In  this  case,  the  angle  o  =  i/  =  z.     But  now  the 
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ray  F  c  is  »o  refracud 
by  ibc  lens,  that  llic 
angle  x  made  by  tbc 
emergent  ray  with  c  R 
is  cqnal  to  y;  codwv 
qiiently  r  =  z,  and 
hence  it  follows  that  tlie  ray  1^  c  is  so  refracted  by  the  leas,  iKal 
it  nins  parallel  tu  the  axis. 

The  same  appliea  to  all  the  other  rays  coming  from  F,  a»d 
fulling  upon  the  lens,  lliey  come  out  ats  a  pencil  of  rays  parallel 
with  the  axis. 

If,  as  can  be  done  in  moet  cases,  we  disregard  the  tbiclcncsa  of 
the  lens  with  res|>ect  to  the  distances  of  tb^  ]K)ints  S  and  F  froni 
it,  we  may  say,  that  the  point  F  lies  in  tlie  centre  between  S  aud 
the  len?. 

If,  therefore,  a  luminous  point  from  S  beyond  the  lens  be 
brought  nearer  to  the  latter,  the  point  of  union  on  the  other  side 
of  the  lens  will  rewdc,  and  if  the  luminous  |>oint  advance  to  F, 
the  p*^>int  of  union  will  be  indeiinitety  distant;  the  rays  emerge 
parallel  with  the  axis. 

But  if,  conversely,  raya  fall  upon  the  lens  from  a  point  lying 
at  an  indefinite  distance  upon  the  axis,  or  in  other  words,  if 
a  pencil  of  rays  parallel  with  the  axis  falls  upon  the  lens,  they  arc 
united  by  the  lens  at  F.  This  point  of  union  F  of  incident  niy« 
parallel  with  the  axis  is  named  thv  principnl  focal  poinL 

If  the  luminous  point  approach  towards  the  lens  from  this 
indefinite  distance,  the  point  of  union  will  recede  ou  tbe  other 
side  of  the  lens ;  if  tbe  luminous  point  be  at  V,  Fig.  260,  tbe 
point  of  union  will  be  at  T,  if  the  luminous  point  n|>projich  as  near 
as  R,  the  point  of  union  will  be  at  S,  if  it  approach  so  near  to  the 
lens  as  to  stand  midway  between  it  and  R ;  that  is  to  aay,  if  it 
approarh  to  the  focal  Hisiancet  the  rays  wUl  be  parallel  with  llic 
axis  after  their  passage  through  the  lens. 

The  Focal  distance,  that  is  the  distance  of  tbc  focal  point  F  from 
the  lens,  depends  not  only  on  the  form  of  the  latter,  but  alao  on  tbe 
index  of  the  refraction  of  the  substance  of  which  it  is  composed. 

In  a  biconvex  glass  lens,  whose  surfaces  have  both  an  eqiul 
radius,  the  focal  points  coincide  on  both   sides  with   the  central 
d  si'gmcnts,  provided  the  index   of  refraction 
>ftheglj^^^^k|. 
If  Iki^^^^^HhMrtion  be  greater,  the  focal  pomt  of  tbc  lens 
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will  be  nearer,  but  if  it  be  smaller,  it  will  be  further  removed  from 
h. 

What  has  been  said  of  biconvex  lenses  applies  also  to  convex 
memsciu  and  plano-convex  glasAcs;  that  is,  they  have  a  prineipal 
focal  point  in  which  are  concentrated  all  the  incident  rays  parallel 
with  the  axis ;  the  rays  coming  from  one  of  the  |K>ints  lyin>r  upon 
the  axis,  and  removed  from  the  glass  about  twice  the  focal  distance, 
are  united  on  the  other  side  at  a  point  likewise  twice  the  length  of 
the  focal  distance  from  the  glass. 

In  a  plano-convex  lens  whose  index  of  refraction  is  ^,  the 
focal  point  is  twice  the  radius  of  the  curved  surface  from  the 
lens. 

If  the  luminous  point  £,  Fig.  271,  approach  so  near  the  lens 

to  lie  within  the  focal  distance,  the  cone  of  rays  striking  the 
lens  is  so  strongly  divergent  that  the  lens  is  no  longer  able  to  makd 


the  rays  converge,  or  even  merge  paraUel ;  they  diverge,  howevei*, 
less  after  than  before  their  passage  through  the  lens,  dispersing  as 
touch  as  if  they  came  from  a  point  O,  which  is  further  removed 
from  the  glass  than  the  luminous  point. 

Similar  observations  may  be  made  respecting  concave  glasses.  Jf 
the  incident  rays  be  parallel,  the  rays  will  diverge  in  such  a  manner  as 
if  they  issued  from  the  focni  point  of  divergence  F,  Fig.  272 ;  if, 
however,  the  luminous  point  draw  nearer,  and  the  incident  rays  are 

consequently  divergent, 
this  divergence  is  great- 
er after  their  passage 
through  the  glass  than 
was  the  case  with  the 
parallel  incident  rays ; 
the  nearer  the  luminous 
point  is  to  the  lens,  the 
nearer  the  point  of  divergence,  or  focus,  therefore  approaches  to  the 
ghu». 

We  have  still  to  consider  the  case  in  which  the  incident  rays 
hre  conrert/etti .  If  the  incident  rays  converge  towards  the  focus 
Fou  the  otht-r  side  of  the  glass,  the  refracted  rays  emerging  from 


tkn  bong  tbe 
in  Fig.  272.  If  the  iaddoit  nip 
tUtm^,  thtw  wiH  atill  cuuirigt  after  bong 
if  the  ladJrut  twjt  vuuwugL  tamuim  a  poiat  i, 
Fj^  278,  ^riaf  at  a  gnstv  AHaaee  ftvn  tbe  ^aat  tfaaa  the  ckW 
faoU  paiaft,  tfaey  vill  tfiU  dnrt]^  aa  if  tli^  came  hvm  m  point 
hdot^  the  ^a»  a«  aeen  in  the  %ure.     The  uaiablfiation  of  thu 
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tt  Uiipiirunt  lo  the  n^bt  aaihfilaaJiag  of  Galileo'*  Uk*- 
eopTf  o(  which  we  pnrpoae  shortly  to  speak. 

Seamdgrf  ares. —  Hitherto  we  hare  oolj  oonaidefied  thne 
htauDoas  pointa  that  lie  oo  the  ask  of  the  leoa ;  it  nam  rensaiat 
to  Bhov  that  what  has  heea  said  appliea  abo  to  points  not  Ijisg 
in  the  main  axift,  provided  that  the  eccoodary  a\e»  make  ooly  ■ 
■mall  an^Ie  with  the  nnin  axis.  By  the  tcnn  sttomdcay  qmU,  vp 
desis*Tiat«  the  Lric  wc  niay  imagine  to  be  drawn  from  a  point,  not 
Ijing  on  t)ie  main  axis,  through  the  middle  of  the  lens. 

Let  H^  Fig.  274,  be  a  luminous  point  not  situated  upon  the 
main  axis ;  then  all  the  rays  of  Ugbt  issuing  finom  it  iiill  be  united 

nc.  274. 
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in  a  point  H',  King  in  the  secondary  axis  M  N ,  and  as  ttix  removed 
from  tlie  lens  ns  the  i)oint  of  union  T  of  the  rays  issuing  from  s 
point  T,  which  lies  upon  the  main-axia  and  is  as  far  removed  from 
the  lens  as  H. 

crntral  ray  H  M'  passes  unbroken 
=  Tc  uud  the  angle  c  T  M—c 
so) ;  and  since  the  ray  7"  c  di^ 
the  angle  H  c  H'—T  cT\ 

triaiiglr  T  c  V,   and  thus 
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T  =  H  H' ;    H'  is   therefore    as    far   removed  from   the  Icna 
The  same   Tvsu\i  ia  obtained  by  a  comparison  of  tlic  triangle* 

The  field  of  a  lens  is  the  angle  which  two  of  the  secondary  axes 
make  together ;  this  definition  will  not  materially  affect  the 
correctness  of  our  proofs. 

Of  the  images  //roduced  by  lenses. — Let  A  B,  Fig.  275,  be  an 
object  oB  one  aide  of  the  lena  V  fV,  but  further  removed  from  it 


than  the  focal  point  F.  The  raya  emitted  from  A  arc  united  at  a 
point  a  upon  the  secondary  axes  dra^Ti  from  A  through  the 
middle  O  of  the  lens ;  a  is  therefore  the  image  of  A,  and  b  is  the 
image  of  B,  consequently  a  ft  is  also  the  image  of  the  object  A  B ; 
the  image  is  in  this  case  invertedj  and  is  a  true  couvergcul  image. 

Seen  from  the  middle  of  the  lens,  the  image  and  object 
appear  at  the  same  angle,  for  the  angle  6  o  a  is  equal  to  the 
angle  B  o  Ay  being  angles  at  the  vertex ;  the  greater  size  of  the 
image  or  of  the  object  <lepen(ls  upon  which  of  the  two  is  furthest 
removed  fi*om  the  glass.  If  vre  assume  that  the  object  lie  twice 
as  far  as  the  focal  distance  froin  the  glass,  the  imape  will  be 
formed  on  the  other  side  at  an  equal  distance ;  in  this  ease,  there- 
fore, the  image  and  the  object  are  equal  in  sixe.  If  the  object 
approach  nearer  to  the  glass,  the  image  w^ill  recede,  beconuug 
oonscquently  larger.  We  therefore  obtain  inverted  enlarged 
images  of  objects  stuniUng  further  from  the  glass  than  the  focal 
dintance,  yet  not  as  far  as  twice  that  distance ;  thus  the  image  a  b 
m  our  figure  is  larger  than  the  object  A  B, 

If  the  object  be  further  removed  from  the  glass  than  twice  the 
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tke  iMge  will  be  newr;  we,  therefore,  obtain 
■■gei  of  distant  objects.  If,  for  instancf, 
m  h.  Pig.  275,  were  an  object  lying  more  than  twice  the  focal 
'**^*«"*-  from  the  gbss,  we  should  have  the  diminished  image 
A  B. 

If  we  term  the  sue  ni  the  object  g,  that  of  the  image  /,  tbc 
rtiatinfr  of  the  object  from  the  glass  b,  and  the  distance  of  the 
inag^  ■^  we  Iutc 

p:^  =  b  :m, 
that  ks,  the  image  and  object  are  to  one  another  aa  their  distances 
trom  the  lens. 

In  a  leas  of  short  focal  distance,  the  images  lie  nearer  to  the 
glass  than  in  one  of  greater  focal  distance ;  lenses  give  inuigcs, 
therefore,  small  in  proportion  to  the  shortneaa  of  the  focal  distance; 
and,  conversely,  lenses  give  enlarged  images  of  small  objects  lym^ 
near  their  focal  point ;  at  an  equal  distance  from  the  Irns,  the 
images  will  be  hirgcr  in  such  lenses  as  have  a  small  focal  distance, 
because  in  that  case  the  object  appntachea  nearer  to  the  lens. 

If  the  object  be  within  the  focal  distance  of  the  lena^  do 
convergent  image  of  A  can  be  formed,  because  the  rays  emitted 
from  a  laminotts  point,  which  Iica  Dearer  to  the  glass  than  does 
the  focus,  still  diverge  after  their  passage  through  it.  Let  A  B 
in   Pig.  276,  be  an  object  lying  within  this  focal  distance ;  then 
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the  rays  passing  from  A  will  diverge  after  emerging  from  the  gl«» 
as  if  they  came  from  a.  We  may  easily  find  the  di^ancc  of  the 
point  a  from  the  glnss  by  the  constructions  already  given.  Tlie 
rays  coming  from  B  diverge  after  their  passage  through  the  ^a»» 
as  if  tlK'\  I'timc   from  A;  if  now  there  be  an  eye  at  the  other  side 
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of  the  gIftM  it  will  receive  the  raya  of  light  issuing  from  the  object 
A  B  in  the  same  uiauuer  aa  if  they  had  proceeded  from  a  b;  a  b 
ia  therefore  the  image  of  A  B,  As  the  object  and  image  both  lie 
within  the  same  angle  a  o  b,  but  the  former  is  nearer  to  the  g\M$, 
the  image  is  evidently  in  this  case  larger  than  the  object-  If  we 
tiae  m  lens  as  a  microscope  to  obscr\'e  small  objects,  the  enlarged 
image  Men,  is  of  the  kind  described.  We  shall  subsequently  revert 
to  tikis  subject. 

Concave  glaaaes  do  not  give  convergent  images,  but  only  euch  as 
277.  arise  from  convex  lenses  when  the 

object  lies  within  the  focal  distance. 
As  B  concave  lens  causes  the  rays 
emitted  from  a  point  to  diverge  aa 
if  they  came  from  a  point  lying 
nearer  to  the  glass,  it  is  evident 
that  concave  glasses  yield  dimi- 
nished iniaf^es  of  objects,  as  we  may  easily  sec  from  Fig.  277/ 
where  A  B  is  the  object,  and  p  q  the  image. 
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CHAPTER  III. 

DKCOMPOSITION    OP   WHITE    LIGHT. 

White  solar  light  w  composed  of  different  coloured  rays. — To 
prove  this,  we  need  only  form  a  solar  8i>ectrum  iu  the  manner 
alr«uiy  indicated.     In  Fig.  278  let  m  be  a  mirror,  which  placed 

before  the  shutter  of  a 
darkened  room  throws 
the  rays  of  the  sun  into 
it  through  the  opening 
0 ;  ;/  is  the  refracting 
prism,  and  /  a  wall  on 
which  the  imager  are 
thrown.  Before  apply- 
ing the  prism,  we  see 
but  through  the  prism  we  obtain 
r  w.     Fi^.  279  exhibiLs  the  uppear- 


ft  white,  round  image  at  ^, 
an  elongated  coloured  image 
ance  observed  upon  the  wall  /. 


towards  the 

$,  Fis.  279,  would 

the   red   rsys   saflcTy 

W    ■fcoof    1    ecDtimctre  in 

rf  tW  ptin  is  eo*",  and  thf 

«r  6  tUu»  we  shall  obuin 

;  tkat  M,  tKe  spcttmm  will 

■Jb^wiiiife   any  trace 

however, 

IS  not  DcccsBsry  to 
\tf  aMMM  of  «  pruB  on  a  white  wsll^ 
to  look  tkrou^  a  prism  towards  a  bright. 
If,  far  inHinrn.  we  look  at  the  flame  of  o 
cwDdk  tlttow^  a  prisBi  Md  vntkanyr  it  wil!  appear  cnnsiderahly 
TfltTUiJPil,  and  coloarvd  in  the  manniff  we  hare  mentionrd.  If 
we  cwt  a  Kmall  opening  of  about  1  centimetre  in  diunictcr  in 
the  shutter,  we  shaD  see  the  clear  sky  throu;|^h  this  opening; 
that  is,  a  light  disc  upon  a  dark  ground.  If  then  we  look 
at  this  disc  through  the  prism,  we  shall  perceive  instead  of 
the  white  circle,  a  very  mnch  elongated  coloured  image,  to  which 
all  that  we  \a\e  said  of  the  spt'ctrum  cast  upon  the  wail  equally 
apphe«. 

The  differently  coloured  rayt  are   unequally  refrnngibie. — Thi« 


i 


OIPPKRKNT    COLOUEED    HAYS. 


251 


follows  from  white  lij^lit  adniittino:  of  being  c!ecompo8ed  by  the 
prism  into  rays  of  different  colours;  the  red  rays,  after  paasing 
through  the  prisnij  form  an  angle  with  the  violet,  the  violet 
rays  deviating  more  from  their  originul  direction  than  the  red. 
The  violet  rays  are  most  strongly  refrangible,  and  the  red  the 
least  so.  The  green  rays  are  more  refrangible  than  the  red, 
and  less  so  than  the  violet,  beeause  in  the  8|)ectnim  they  lie 
between  the  red  and  violet. 

If  we  were  to  suppose  for  a  moment  that  white  light  contained 

Rily  red  and  Wolet  rays,  it  is  evident  that  itistead  of  the  spectrum, 
t  should  only  have  two  solar  images  separated  from  each  other, 
*  which  the  one  would  be  red,  the  other  violet.  We  can,  in 
ct,  make  such  separate  images  apparent :  many  bodies,  for 
instance,  have  the  property  of  not  admitting  all  coloured  rays 
to  pass  equally  well  through  them ;  they  consequently  absorb 
certain  rays.  To  these  belong  coloured  glasses  and  coloured 
fluids.  If,  for  example,  we  fill  the  intemicdiate  space  between 
two  parallel  glass  plates  with  a  solution  of  sulphate  of  indigo, 
and  look  with  a  prism  through  this  solution  towards  an  opening 
in  the  shutter,  we  shall  see  two  divided  images  of  the  opening, 
one  red  and  the  other  blue.  We  obtain  the  same  result  by 
using  a  piece  of  dark  blue  glass  in  the  place  of  the  indigo 
solution. 

The  whole  spectrum  consists  of  a  scries  of  circularly  formed 
images  succeeding  one  another,  and  partly  over-lapping  each  other. 
The  smaller  the  opening  is  through  which  the  white  rays  fall  upon 

the  prism,  the  smaller  will 
be  the  separate  round 
images,  while,  at  the  same 
time,  the  centres  of  the 
separate  coloured  images 
lo  not  approach  nearer, 
and  consequently  the  dif- 
ferent colours  less  over- 
lap one  another ;  the  smaller  the  opening  ia,  the  purer  will  also 
the  separate  colours  appear. 

Each  colour  of  the  spectrum  is  simple, — Every  colour  is  simple 
if  it  does  not  admit  of  being  further  decomposed  into  other  colours: 
wc  will  now  show  that  this  properly  is  really  characteristic  of  the 
prismatic  colours. 


FIG.  280. 


252 


ON    WHITE    LIGHT. 


wall,  and  make  a  hole  sonie- 

whtre    about    the    spot    o« 

which  the  violrt  rnya  fall^  we 

-Imll   arrcHt   all  the  coloun^ 

hile  only  one  coloured 

-  through  the  ' 
;  u-  lay  doea   not    au.:       r 
itcing  in    auy    way   furtbcri 
ill  comjiftsod  ;     and    if  it 
iigaiu  suffered  to  pass  thro(if;ll| 
a  prininj  the  colour  remains  unchanged.        * 

Newton  applied  the  term  hoviogeneous  to  simple  light ;  a 
that  has  been  generally  adopted.  / 

H'hite  light  may  be  recomposed  from  the  simple  colourM  of  lk$ 
ttpectrum. — If  we  receive  the  spectrum  ou  a  lens  /,  the  variooaly 
coloured  rays  will  be  united  by  it  iu  a  point  /,  and  if  the  #un*»  j 
image  be  received  upon  a  ground-glass,  or  a   paper  screen,  itH 
will  again  appear  dazzlingly  white,  notwithstanding  the  differently  ^ 
coloured   rays    that  fell    upon    the   lens.      If  instead  of  holding 
the  screen  at  the  focal   point  /,  we  remove  it  further   from  the 
lens,  we  again  obtain  an  inverted  8j)ectrum  r'  u',  Fig.  282,  a  proof 
riG.  282.  that     the      differently 

coloured  rays  croaa 
each  other  at  /,  and 
if  we  apply  a  mirror 
at  that  |>oint,  the  re- 
ileeted  rays  ^vill  again 
form  a  apeetrum  •" 
r". 

We  may  alao 
concave  mirror  instead  of  a  lens  for  these  experiments. 

That  the  combination  of  prismatic  colours  yields  white,  is  p 
by  the  extraordinary  experiments  made  by  Newton,  that  the  long 
prismatic  image,  seen  through  a  second  prism,  will  under  favourable 
circumstances  again  appear  as  a  perfectly  white  and  round  disc. 
Let  V  w  he  a  spectrum,    Fig.  283,  pmduced  by  the  prism,  and 
caught   on   a   white    wall.       If  now    a   second  prism    B  be 
plactnl   that    it    would    produce   the    same    spectrum    r  v   in    t 
same   place,  if  a  ray  of  solar  light  fell  ui>on  it   in   the  direction 
o  n,  it  is  clear  that  tfic  rnys  falling  from  the  spectrum   on  the 
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pnstn   B  will  emerge  in  the  direction  n  o  ;  thus  an  eye  at   o   must 
KC  a  roand  white  image  of  the  coloured  spectrum  in  the  direction 

o  n  8.  The  position 
that  must  be  given 
to  the  prism  B  may 
ciisily  be  aiccertatncd 
))  experiment. 

If  now  wc  divide 
!i  circular  di»c  into 
s  "ven  sectors,  and 
init  them  with 
eohnu's  that  moat 
inirly  apj)roach  the 
uisinutic  huesy  the 
ilksc  if  made  to 
mtate  rapidly  will  no  lonp;er  appear  to  be  eolourcd,  hut  will 
look  whitish,  and  it  would  appear  wholly  white,  if  the  elections 
could  be  painted  with  purely  prismatic  colours,  and  if  the 
breadth  of  the  separate  coloured  acctorH  stood  exactly  in  the  same 
relation  to  each  other  as  the  breadths  of  the  corresponding  parts 
of  the  sjHxtrum.  Munchow  combined  the  prism  with  clock-work, 
in  order  to  be  able  to  make  experiments  with  pure  prismatic 
colours  on  this  principle,  by  sotting  the  prism  into  rapid  oscil- 
lating motion.  By  this  motion  of  the  prism,  the  spectrum  moves 
rapidly  back  war d  and  forward  on  a  screen ,  an  d  then  there 
appears  instead  of  the  coloured  spectrum  a  white  band  uf  Ught 
slightly  coloured  at  the  ends.  The  eye  rapidly  receives  ut  each  of 
the  pointa  of  the  screen  the  impressions  of  all  the  separate  colours 
^■pcessively ;  these  separate  impressions  vanish^  however,  and 
Produce  tlie  sensation  of  white. 

Of  the  campleinentary  colours,  and  Ike  naturnl  colours  of  bodies. — 
As  all  simple  colours  condiined  in  proiHT  proportions,  (that  is,  in  the 
proportion  given  by  the  spectrum,)  produce  white  light,  it  is  sufficient 
to  BUppreas  one  or  more  of  the  simple  colours,  or  even  simply  to 
alter  their  proportion  to  form  any  shade  of  colour  from  white.  If,  for 
instanct*,  wc  suppress  the  red  of  the  spectrum  in  white  light,  while 
all  the  colours  remain  unaltered,  we  shall  have  a  bluish  tint,  to 
which  we  need  only  add  red,  in  order  to  restore  the  white. 
Two  tints  of  colour  fulfilling  these  conditions,  that  is,  giving 
when  combined,  white,  arc  termed  complemetUary  colours.  Each 
^^ur  has  its  complementary  colour,  for  if  it  be  not  white,  it  is 
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deficient  in  certain  rays  th*t  wotild  aid  in  producmg  the  white, 
tbcae  absent  rays  compose  the  compleoieutary  colour.  Violetj 
which  passes  more  or  less  into  red,  is  the  complementary  colour  | 
of  different  shades  of  green.  We  have  already  seen  that  a  solution 
of  sulphate  of  indigo  in  a  prism  yields  a  blue  and  red  image  of  al 
white  object.  The  red  image  is  very  sharply  defined,  the  blue  not 
BO  much  90,  passing  somewhat  more  into  violet,  and  le^t;  into 
green ;  the  light  transmitted  through  a  solation  of  indigo  it 
therefore  wholly  deficient  in  yellow  and  orange,  and  almost  m 
with  respect  to  all  the  green,  and  a  portion  of  the  yiolet.  Tliese 
absent  colours  form,  however,  when  taken  together,  a  mixture 
in  which  yellow  predominates  to  a  considerable  extent ;  yellow  m 
consequently  the  complementary  colour  lo  blue  in  the  indigo 
solution  ;  as  yellow  shades  of  colour  are  complementary  to  blue.. 
The  more  the  image  approaches  the  green,  the  more  will 
complementary  yellow  merge  into  red. 

We  shall  subsequently  have  another  op]x>rtmiity  of  speaking  ot] 
complementary  colours. 

The  prism  we  have  made  use  of  to  dccompoac  aolar  light  will 
also  serve  to  analyse  the  natural  colours  of  bodies ;  and  for  this 
pur|)ose,  we  need  oidy  cut  off  narrow  strips  from  coloured  bodies, 
and  look  at  them  through  the  prism. 

We  glue  a  row  of  coloured  strips  of  paper,  about  I  millimetre* 
wide,  and  as  seen  at  Fig.  284,  upon  a  piece  of  black  paper :  let  1 
ri0.  284.  be  white,  2  yellow,  3  orange,  4  scarlcty  5. 

grtH^n,  and  6  blue;  the  beat  paper  for  the 
purpose  is  that  used  by  bookbinders  for  the 
titles  of  the  back  of  books,  as  the  coloun  ait 
generally  clear,  and  well  defined.  If  now  we 
look  at  these  coloured  strips  from  the  dis- 
tance of  several  feet,  through  a  prism  whose 
axis  is  parallel  with  the  direction  of  the  length 
of  the  strips,  they  will  naturally  ap]x:ar  moved 
out  of  their  places ;  at  the  same  time,  how- 
ever, all  the  colours  will  be  decomposed  into 
their  elementary  colours.  The  white  paper  will  give  a  [)erfect 
spectrum  with  all  colours,  from  the  extreme  red  to  the  extreme 
violet.  The  coloured  image  given  by  the  yellow  paper  approaches 
most  nearly  to  the  perfect  spectrum.  Red,  orange,  yellow  and 
green  are  prcRent ;  the  lower  blue  and  violet  end  alone  ib 
warjting ;    consequently  the  colour  of  the  yellow  paper  rtrquirr< 
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only  blue   and   violet  in   order  to  product!  white.     The  culuui 
tma^  of  the  piece  of  paper  No.  3  (orange)  is  much  lesa  complete ; 
here  the  green  ray*  are  wanting  as  well  as  the  \-iolet  and  blue. 
The  coloured  image  of  the  red  paper.  No.  4,  is  the  least  dispersed, 
•bowing  besides  red  only  a  bttle  orange,  the  red  of  this  paper  is 
therefore    almost  a  pure   prismatic    red.     In   the  colours  of  the  m 
paper  we  have  hitherto  considered,  red  was  contained  1  to  4 ;  the  9 
hmits  of  these  four  coloured  images  coincide  therefore  above  in  a 
Straight  line,  while  below  they  are  cut  ofT  like  graduated  steps^  _ 
tbe  colours  of  the  papers  5  and  6,  green  and  blue,   contain  but  H 
very  little  red,  on  which  account  there  is  scarcely  any  red  end  to 
the  coloured  images  they  yield ;  and  hence  it  follows  that  the  two 
last  images  appear  much  more  removed  from  their  true  position, 
than  the  image  of  the  red  paper,  No.  4. 

If  we  look  through  the  prism  at  a  broad,  instead  of  a  narrow 

piece  of  paper,   we  shall  see  it  white  in    the   middle,    and  only 

coloured    at    the  edges.     Supposing  that   we  look    at   the   white 

■trip  of  paper  a  b,  in  Fig.  286,   through   a  prism   whose    axis. 

riG.  285.    is  at  right  angles  to  the  direction  of  length  of  the. 

paper,  the  different  coloured  images  of  the  band  will 

appear  partially  to  overlap  each  other.     Tlie  red  image. 

of  tlie  band  extends,   for  instance,  from  r  to  r',  the 

orange  from  o  to  o',  the  yellow  from  ^  to  g*,  &c. ;  the 

violet,  finally,  from  »  to  v' ;  it  is  thus  clear  that  the 

images  of  all  the  prismatic  colours  between  v  and  r* 

coincide,  the  whole  spot  from  v  to  r',  must  therefore 

appear  white.    There  ia  only  red  light  between  r  and  o; 

red  and  orange  between  o  and  y .-  red,  orange,  and 

yellow  between  ff  and  g  r ;  the  red  end  of  the  image 

will,  therefore,  pass  over  to  a  yellowish  tint.     To  thej 

three  mentioned   colours,  there  succeeds   next    below 

them  green,  blue,  &c.     The  upper  part  of  the  image 

is  consequently  red,  passing  gradually  through  yellow 

to  white. 

The  other  end  of  the  image  is  violet,  and  passes  gradually 
through  blue  into  white.  jH 

Wliat  we  have  here  said  of  the  whit«  strips  of  paper,  spplie-s 
equally  to  every  white  object  of  considerable  extension  seen  through 
a  prism,  appearing  coloured  only  at  the  edges.  ^ 

A  broad  black  strip  upon  a  white  ground  afibrdsi  when  seen 
through  a  prism,  exactly  the  contrary  phenomena ;  that  is  to  say 
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the  prismatic  image  at  tfac  end  which  is  least  refracted  ; 
with  a  violet  and  blue  edge,  and  at  the  other  with  a  red  aud  yrlluw 
edge.  In  order  to  explain  this  inversion,  we  need  only  consider 
that  the  colours  are  produced  not  from  the  black  strip,  but  the 
white  surfaces  bounding  it.  If  the  black  strip  be  very  narrow,  the 
black  in  the  middle  will  entirely  disappear  from  the  image. 

Of  the  dispersing  power  of  different  sttbstances. — The  aepmntioa 
of  the  different  rays  of  light  which  takes  plaec  in  their  passage 
through  a  prism  is  designated  by  the  term  dispersion.     The  di 
persiug  power  of  a  substance  is  great  in  pro|)ortion  to  the  difference 
between  the  indices  of  refraction  of  the  red  and  violet  rays. 

For  water  tlus  index  of  refraction  for  the  red  rays  is  1,330, 
while  that  for  the  violet  rays  is  1,34-1;  the  difference  of  the  two  iit 
therefore,  0,01  i.     For  flint-glass,  the  indices  of  refraction  of  tb 
red  and  violet  rays  arc  1,628,  and  1,671   res]>cctively ;  the  diffe- 
rence ift,  therefore,  0,043,  three  fciracs  as  great  as  that  for  water. 

If,  therefore,  we  make  a  water-prism,  which  properly  placed 
Bhall  refract  the  rays  as  strongly  as  a  flint-glass  prism,  the  breadth 
of  the  spectrum  of  the  latter  wiU  be  three  times  that  of  the 
spectrum  of  the  water-prism ;  the  dispersing  power  of  tlint-glaM  ii 
couseqoently  three  times  as  great  as  that  of  water. 

For  crown-glass,  the  difference  between  the  indices  of  refractioo 
for  the  red  and  violet  rays  is  only  half  as  great  as  that  for  fliot- 
gliiss,  the  dispersive  power  of  flint-glass  is,  therefore,  twice  aa  great 
as  that  of  crown-glass,  although  the  indices  of  refraction  for  the 
two  kinds  of  glass  are  very  nearly  equal. 

We  call  prisms  achromatic  when  they  have  the  property  of 
refracting  rays  of  light,  without  at  the  same  time  dccomposdug 
them  into  colours,  and  achromatic  lenses  arc  those  in  which  the 
foci  of  the  different  rays  coincide  exactly^  shoeing  the  objects  free 
from  all  coloured  edges.  Achromatism  was  long  considered 
impossible  :  that  is  to  say,  it  was  not  believed  that  light  could  be 
refracted  without  decomposition.  Newton  himself  was  of  thi» 
opinion,  because  he  thought  that  dispersion  was  always  propor- 
tional to  the  refracting  power  of  bodies.  The  possibility  of 
achromatism  was  for  a  long  period  the  subject  of  discussion  between 
the  most  distinguished  men  of  science  of  their  daVi  as  J?«/rr, 
Clairatit  and  d*Aletnbcrt.  ifeli  certainly  made  aehroniatic  tele- 
scopes as  early  as  the  year  1733,  but  he  did  not  piihliah  hi» 
discovery.  Dollond  also  made  instruments  of  this  kind  in  1757, 
and    he  made  them    publicly    known.     Dnlhnd's    diswvrrj-    wi» 
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without  doubt  an  event  uf  the  highest  importance  to  astronomy ; 
in  order,  however,  to  give  it  its  full  signiHcation,  it  was  first  neoes- 
sary  to  develop  the  matheuiatical  theory  of  achromatiam ;  without 
which,  it  would  be  impossible  to  (uuke  the  necessary  practical 
improvements.  Even  in  the  present  day,  when  such  progresa  has 
been  made  in  optics  with  relation  to  the  construction  of  glassed^ 
and  notwithstanding  all  the  assistance  rendered  by  the  calculus, 
ftchrotnatisni  must  be  classed  amongst  the  most  delicate  problems, 
both  in  a  theoretical  and  practical  point  of  view.  In  a  work  of 
thia  kind,  we  must  of  course  restrict  ourselves  to  the  development 
of  the  princi|}le8  only  on  which  the  construction  of  achromatic 
prisms  and  lenses  depend. 

If  wc  s»o  arrange  two  prisms  A  and  5,  Pig.  286,  that  the  wfracting 
nae        ediTes  arc  directed  towards  opposite  sides,  the  action 
of  one  will   more  or   less  fully   dcJ^tioy  that  oi   ttie 
ler.     The  dispersion  of  enlour  produced  by  A  will 
^bc  cotmtcracted  by  that  occasioned  by  the  prism  B ; 
if,  under  similar  circumatances,  each  of  the  prisms 
alone  give  an  equally  large   spectrum  j  for  in  tins 
case,  the  action  of  the  prism  B,  in   relation   to  the 
dispersion  of  colour,  is  exactly  equal  to  that  of  the 
prism  A,  and  vice  versd. 
"  If  the  dispersion  were  actually  proportional  to  the 

refrarting  power,  as  Newlon  supposed,  two  priams  of  different 
substances  could  only  give  equal  spectra,  pronded  the  deviation 
produced  by  the  one  were  equal  to  that  by  the  other ;  if,  therefore, 
two  prisms  of  the  kind  represented  at  Fig.  280  were  i)laced 
together,  the  decomposition  of  colour  would  be  stopped  by  this 
combination,  and  with  it  the  deviation  likewise. 

Later  exjwrimenta  have,  however,  shown,  a.i  we  have  mentioned, 
that  JVffw/on.  was  wrong  in  the  opinion  he  had  formed  on  this  subject ; 
thus,  for  instance,  dispersion  is  much  more  considerable  in  Hint- 
glaas  than  in  crown-glass,  whilst  the  average  indices  of  refraction 
of  both  kinds  of  glass  do  not  very  essentially  differ;  with  an  equal 
deviation,  the  spectrum  of  a  prism  of  flint-glass  is  almost  twice  as 
great  as  that  of  a  prism  of  crown-glass. 

If  the  refracting  angle  of  a  prism  be  not  too  great,  we  may 
assume  without  any  marked  error,  that  the  hreiidth  of  a  coloured 
image  is  proportional  to  the  refracting  angle ;  supposing  now  that 
we  have  a  prism  of  crown-glaNs  of  25'\  we  may  easily  calculate 
the  angle  of  u  prism  of  tlinl-glass  giving  the  same   dispersion  oi 
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colour.  As  the  total  dispereion  of  the  fliiil-glass  is  twice  as  gr«i 
OS  that  of  the  crown-glass,  the  refracting  angle  of  the  llint-gla« 
must  also  be  twice  as  small :  that  is  about  ISJ".  The  disperMon 
of  colour  of  a  flint-glass  prism  of  12}"^  ia  as  great  as  that  of 
crown-glass  prism  of  25";  two  such  prismsj  therefore,  coinbim 
in  the  manner  indicated  at  Fig.  286  will  not  produce  any  fujtlier 
dispersion  of  colour. 

But  as  the   indices  of    refraction  of  both    kinds  of  glass  »re 
generally  very  nearly  equal,  the  deviations  of  the  priams  A  and  B 
will  be  nearly  as  their  refracting  angles;  the  dc\'iation  produ 
by  A  ia  nearly  twice  as  great  as  that  produced  by   B ;  the  prw 
B  can  therefore  only  remove  about  half  the  deviation  produced 
A ;  the  combination   of  the  priams  A  and  B  will,  therefore,  * 
produce  a  deviation,  but  not  any  dispersion  of  colour. 

Every  simple  lens,  whatever  be  the  substance  from  which  it 
formed,  will  have  a  different   focus  for  every  different  kind  of  ray, 
because  the   indices  of  refraction  of  the  rays  of  different   coIoub 
arc  not  equal.     The  focus  of  the  red  rays  lies  further  from  the 
lens  than  the  focus  of  the  violet  rays.    The  foci  of  the  red 
violet   rays  are    not  equi-distant    in  all   lenses,    as  this   distan 
depends  on  one  hand  upon  the  curvature  of  the  lenses,  and  {)\\  th 
other  upon  the  dispersive  power  of  the  substance.     In  proporti 
as  the  curvature  of  the  lens  from  the  middle  towards  the  edge 
inconsiderable,  the  foci  for  the  different  colours  will  also  be  n 
to  each  other. 

The  consequence  of  this  last  mentioned  circumstance  is  that  th 
images  of  such  lenses  appear  more  or  leas  impure,  and  more  or  leaS 
bordered  with  coloured  edges.  We  may  be  easily  convinced 
this  by  looking  at  the  letters  of  a  book  through  a  lens  of  gtrsl 
curvature,  or  by  producing  the  image  of  distant  objects  by  sucli  t 
lens  on  a  ground-glass  tabic,  when  evei'ything  will  in  like  maii! 
be  surrounded  by  coloured  edges.  As  the  distinctness  of  images  ift, 
microscopes,  as  well  as  in  telescopes,  was  thus  materially  affecte^' 
the  discover)'  of  the  construction  of  achromatic  lenaes  was  of  the 
greatest  importance  in  practical  optics. 

The  achromatism  of  lenses  depends  upon  the  same  principlct 
as  the  achromatism  of  prisms ;  achromatic  lenses  are  composed  oJ 
simple  lenses  made  of  different  kinds  of  glass.  A  crowu-gbn 
and  a  flint-glaas  lens  are  commonly  combined  together  for  thu 
purpose.  The  action  of  lenses  ujwn  rays  of  different  colours  i» 
such  that  a  conaavc  lens  causes  the  violet   i^aya  tu  converge  niott 
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Strongly,  while  a  concave  lens  makes  them  diverge  more  power- 
fully than  the  red  rays ;  we  may,  therefore,  understand  how  a 

combination  of  a  concave  and  a 
convex  len*  as  seen  at  Fig.  287,  ia 
ible  wholly  to  destroy  the  disper- 
•ii)n  of  colour;  if  the  two  lenses 
^K'  f»f  diflfcrcut  kinds  of  ^lass,  tiie 
Jisiiersion  of  colour  may  be  stopped 
without,  on  that  account,  the  refrartinn  ceasing. 

If  a  convex  lens  of  crown-glass,  and  a  concave  lens  of  flint-glass 
produce  an  equally  stron;^  tUspcrsiun  of  colour,  the  two  combined 
will  produce  no  dispersion  at  nil ;  but  us  Hint-glass  acts  with  a 
more  strongly  disjM^rsive  power,  a  concave  lens  of  iiint-glahs  capable 
of  dcKlniying  the  dispersion  in  a  convex  lens  of  crown-glass,  will  / 
ncrt  be  able  entirely  to  remove  the  convergency  of  the  rays  caused) 
by  the  convex  lens;  the  two  lenses  taken  together  will,  thereforej 
act  RK  a  convex  lens,  whilst  the  disfHirsion  of  colour  is  destroyedl 
ihua  forming  an  achromatic  tens. 


OP    TBE    BYE    AND    OPTICAL    INSTRCMENTS. 


Tub  sensations  of  light  and  of  colour  depend  upon  an  nffection 
of  sjiccial  nerves,  whose  delicate  extremities  arc  distributed  as  a 
nervous  membrane,  named  the  retina.  The  sensation  of  darkness 
depends  upon  a  perfect  state  of  rest  in  this  nervous  membrane, 
every  irritation  producing  the  sensation  of  light;  this  irritati«m  ia 
most  esjjccially  produced  by  rays  of  light  passing  from  bodies  in 
the  external  world  through  the  eye  to  the  retina,  although  the 
srnsations  of  light  and  colour  may  be  produced  by  other  causes,  and 
without  the  co-o|H'ralion  of  rays  of  light  coming  from  without,  as 
for  instance,  by  the  pr*'s.aure  of  the  blood  (scintillations  before  the 
closed  eyes).  An  external  pressure  upon  the  closed  eye,  and  an 
electrical  discharge  are  likewise  capable  of  producing  sensations  of 

To  distinguish  external  objects  by  the  sight,  it  is  not  sufficient 
that  the  rays  of  light,  passing  from  a  body,  should  fall  upon  the 
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retina ;  but  a  speciid  apparatus  is  also  neoeaaary  for  the  purpose 
distributing  the  li^ht^  by  which  means  the  rays  paasing  from  i 
luminous  point  may  only  strike  one  definite  vpot  of  the  retina, 
and  that  the  rays  of  light  coming  from  other  points  may  be  kept 
from  this  spot ;  in  this  manner  the  different  part^  of  the  retina 
are  differently  aficeted,  and  a  distinction  of  objects  ia  consequently 
rendered  possible.  Where  there  is  a  deficiency  of  such  an  appa- 
ratus for  distributing  light,  as  ia  the  case  with  many  of  the  lower 
claases  of  animals,  there  is  actually  no  sight  properly  so  called, 
but  simply  the  power  of  distinguisliing  light  from  darkness,  day 
from  night ;  yet  even  here  a  special  nervous  apparatus  is  neces- 
sary. 

The  apparatus  intejided  for  the  isolation  of  the  impressions  of 
light,  is  not  arranged  in  the  same  manner  in  all  classes  of  animali, 
here  we  distinguish  two  essentially  different  kinds  of  eyes ;  1.  the 
mosaic  composum  eyes  of  insects  and  Crustacea,  and,  2.  the  eyes  of 
veriebraia  provided  with  convex  lenses. 

Composum  eyes, — MOUler  was  the  first  to  throw  any  light  by 
his  classical  investigations  upon  mosaic  composum  eyes.  There  are 
a  very  great  number  of  transparent  small  cones,  standing  rectan- 
gularly upon  the  convex  retina,  and  only  those  rays  falling  in  the 
direction  of  the  axis  of  the  cone  can  reach  its  base  on  the  retina. 
All  laterally  incident  light  is  absorbed,  because  the  lateral  walls 
of  the  cone  arc  invested  with  a  darkly-coloured  pigment.  In  Pig. 
288,  /  c  6  ^  is  a  section  of  the  convex  -retina,  with  the  transparent 
cylinders  upon  it.  It  is  crideait  that  the 
rays  passing  from  the  luminous  ]>oint  A  can 
only  strike  the  retina  in  c  A,  the  bai*e  of  the 
truncated  cone  abed;  the  bases  of  the 
two  cones  contiguous  to  a  &  r  <f  are  no  longer 
struck  by  the  rays  passing  from  A ;  a  lumi- 
nous point  B  setids  its  rays  to  another  spot 
of  the  retina  and  so  on.  All  the  light 
coming  from  points,  lying  on  the  prolonga- 
tion of  the  cone,  will  naturally  act  upon  the 
basis  of  such  a  transparent  cone,  and  the 
impressions  of  light  from  all  points,  sending 
light  on  the  basis  of  the  same  cone,  will  also  blend  together ;  from 
which  we  see  that  the  distinctness  of  an  image  on  the  retina  in 
greater  in  proportion  to  the  number  of  cones.  Miilier*  eliarac- 
•  MalleKi  Phvtttolof)',  trantUtcfl  by  BAly.  VoU  n.  \h  1091. 
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terises  the  uiglit  of  such  eyes  with  striking  accuracyj  when  he  says: 
**  an  ima^  formed  by  several  thousand  separate  points^  each  of 
which  corresponds  to  a  distant  field  of  vision  in  the  external  worlds 
wiU  resemble  a  piece  of  mosaic  work,  and  a  better  idea  cannot 
be  conceived  of  the  image  of  external  objects,  which  will  be 
depicted  on  the  retina  of  beings  endowed  with  such  organs  of 
vifidon,  than  by  such  a  comparison.'* 

The  sise  of  the  field  of  vision  of  such  eyes,  naturally  depends 
upon  the  angle  made  by  the  axes  of  the  external  cones,  that  is 
upon  the  convexity  of  the  eyes.  The  transparent  membrane 
covering  the  eye  exteriorly,  the  comea,  ia  generally  divided  into 
faeettex,  each  separate  facette  corresponding  to  the  above  men- 
tioned transparent  cone.  The  number  of  the  facettes  of  such  an 
eye  is  generally  very  great,  a  single  eye  containing  often  from 
12  to  20,000  such  facettes. 

All  insects  have  not  such  mosaic  composum  eyes ;  spiders,  for 
iustancCj  have  simple  eyes  with  lenses,  entirely  formed  like  the 
eyes  of  the  vertebrate  animals ;  there  are  also  many  insects  which, 
besides  the  mosaic  composum  eyes,  have  also  simple  eyes  with 
lenses,  but  the  construction  as  well  as  the  position  of  these  would 
lead  us  to  conjecture  that  they  are  only  intended  for  seeing  the 
most  contiguous  objects. 

Simple  eyes  mth  convex  lenses. — The  image  is  formed  upon  the 
retina  of  eyes  having  collective  lenses  in  precisely  the  same  manner 
as  the  images  of  ordinary  convex  lenses ;  the  rays  issuing  from 
one  point  of  the  object,  and  striking  the  anterior  surface  of  the 
eye,  arc  refracted  by  the  transparent  media  of  that  organ  towards 
a  point  of  the  retina.     Pig.  289  represents  the  section  of  a  human 

eye.  The  whole  globe  of  the 
eye  is  surrounded  by  a  firm, 
bard  membrane,  only  trans- 
parent at  the  front  part ;  this 
transparent  portion  ia  called  the 
cornea,  and  the  white  opaque 
^part  the  ttmiea  sclerotica ;  the  transparent  cornea  is  more  strongly 
cnncd  than  the  rest  of  the  globe.  Behind  the  cornea  liea  the 
coloured  prismatic  membrane^  the  tris,  which  is  plane,  cutting 
off,  as  it  were,  the  curvature  of  the  transparent  cornea  from  the 
remaining  parts  of  the  eye.  In  the  middle  of  the  iris  at  a  s*, 
there  is  a  circular  o|>ening,  which,  seen  from  the  front,  appears 
perfectly  black,  the  opening  bears  the  name  of  the  pupil.     Behind 
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the  iris  and  puj.il  is  the  crysfnlHno  lens  e  e\  within  a  tmnspnrcnt 
cnjisulc,  by  which  it  i«  hIh"  nttacljed  to  the  outer  wall  of  the  eye. 
Iktwcen  the  Ici»r  and  the  comca,  thrrc  is  n  chvir  and  i«<)tiiewhat 
r>Hliuc  fluid  [humor  aqueus),  whilt:  iht-  whole  R|>acc  bcliinii  thu 
lens  IB  filled  ifiith  a  trauapurcnt  <relutinou8  eubstance  (humor 
vitrcus).  The  crystalline  lens  itself  is  Batter  anteriorly  than 
poflteriorly. 

Above  the  sclerotica,  in  the  interior  of  the  eye,  is  the  choroid 
membrane  (tunica  choroidca),  and  over  this  lies  the  retina,  which 
is  an  expansion  of  the  optic  nerve.  The  choroid  membrane, 
which  invests  the  whole  inner  cavity  of  the  eye,  ia  covered  o\*ct 
with  a  black  pijj^cnt,  the  object  of  which  is  to  prc\'ent  the  purity 
of  the  image  being  disturbed  by  reriection  within  the  eye.  For 
the  same  reason,  the  interior  surface  of  telescopes  is  stained 
black. 

Tlie  rays  of  light  that  fall  upon  the  eye  strike  the  front  of 
the  Bcleroticaj  (the  white  of  the  eye),  and  are  irregularly  distributed 
in  all  directions,  or  they  enter  the  eye  through  the  coniea ;  the 
external  rays  of  the  jtencil  passing  through  the  conica  fall  upon 
the  iris^  and  are  irregularly  distributed  in  all  directions,  by  which 
means  the  colour  of  the  iris  becomes  visible.  The  central  np 
pass  through  the  pupil  to  the  lens,  and  are  thence  rcfrartcd 
towards  the  retina  in  such  a  manner,  that  the  rays  passing  from 
a  jKjint  of  an  extenml  object  through  the  pupil,  are  again  united 
in  n  point  upon  the  retina.  Thus  an  image  of  the  object  befonr 
the  eye  is  impressed  U|K)n  the  retina.  In  Fig.  289,  m  is  the  image 
of  the  point  /,  and  m'  the  image  of  /'. 

We  may  prove  by  an  experiment  on  the  eye  of  an  ox  or  a 
hursc,  that  a  diminiBhed  inverted  image  of  the  object  before 
the  eye  is  really  impressed  upon  the  retina.  We  must  carefully 
open  the  eye  in  order  to  be  enabled  to  sec  the  retina  through 
the  vitreous  humour,  then  if  the  eye  be  directed  towards  a  window, 
or  any  bright  object,  we  distinctly  sec  a  dimitiished  inverted 
image  of  it  upon  the  retina.  This  is  most  clearly  seen  in  animals 
in  which  the  choroid  is  destitute  of  jjigment,  as  in  white  rabbits, 
whilst  at  the  same  time  the  back  part  of  the  sclerotica  is  trans- 
parent. In  such  eyes,  the  images  on  the  retina  may  be  seen 
without  further  preparation. 

Distinct  vision  at  different  distances. — We  have  already  seen 
that  the  image  of  a  lens  changes  its  position  if  the  object  be 
drawn  "ftmovod  Airther  nwHV  ;  the  image  recedcn  further 
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from  the  glass  in  proportion  as  the  object  approaches  it.  As 
the  eye  acts  entirely  like  a  leus,  and  we  are  only  able  to  see 
objects  cVnrly  when  the  |)oint8  of  union  of  the  refracted  rays 
fall  exact  1)'  u|»on  the  retina^  we  might  suppose  that  we  could 
only  see  objects  at  a  definite  distance,  when  the  image  was 
«harp1y  defined  upon  the  retina ;  experience  shows,  however, 
that  the  c(mtrtiry  is  the  ease,  and  that  a  sound  eye  can  distinctly 
•ec  all  objects  when  removed  more  than  eight  inches  from  it : 
it  must,  tberefoa*,  have  the  capacity  of  accommodating  itself  to 
diffen-nt  distances. 

Wc  may  show  this  by  a  very  simple  experiment :  if  we  make 
a  small  black  s)>ot  upon  a  transparent  glass  plate,  and  hold 
it  from  10  to  12  inehes  from  the  eye,  we  may  sec  at  pleasure 
either  the  spot,  or  the  distant  objects  through  the  glass  plaue. 
If  we  see  the  remote  objects  distinctly,  the  spot  will  appear  cloudy 
and  undcHned,  while  on  the  other  hand,  distant  objects  will 
be  distorted  wlien  the  spot  is  seen  with  distinctness ;  when, 
therefore,  distant  objects  appear  distinct,  the  rays  passing  from 
the  dark  spot  are  not  litnited  upon  the  retina,  and  conversely  : 
the  eye  has  thus  the  capacity  of  adapting  itself  to  seeing  at  small 
and  great  distances. 

If  now  the  rays  passing  from  a  Itiminous  point  are  united 
before  or  lx;hind  the  retina,  a  small  circle  of  dispersion  will  be 
formed  uptm  the  retina  instead  of  the  bright  point,  and  this 
is  the  reason  that  objects  at  a  distance,  to  which  the  eye  cannot 
accommodate  itself,  appear  indistinct.  Tliis  power  of  adaptation 
has  its  hmits,  for  if  the  objects  be  hrouglit  too  near  the  eye, 
that  organ  is  no  longer  able  to  make  those  alternations  necessary 
for  causing  the  image  to  fall  upon  tlte  retina,  in  which  case 
the  points  of  union  lie  behind  that  membrane,  and  circles  of 
dispersion  of  the  se|)arate  luminous  points,  instead  of  the  sharply 
defined  image,  are  formed  up<tn  it ;  so  that  it  is  no  longer  possible 
to  distinguish  the  figures.  A  pin's-head,  for  instance,  cannot 
be  distinctly  seen  when  held  at  1  or  2  inches  only  from  the 
eye. 

As  the  point  of  union  of  rays  from  the  lens  is  the  more  distant 
as  the  objects  approach  nearer  to  it,  wc  may  explain  distinct 
\'iaion,  at  different  distances,  by  the  assumption  Lliut  the  length 
of  the  axis  of  the  eye  may  be  increased  or  diminished  at  pleasure ; 
the  a^is  of  the  eye  must  \m*  lunger  for  near  than  lor  distant 
objects,  or  in  otbr     words,  the  retina  ia  further  removed  iiom  the 
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cornea  for  near  objects.  Olben  has  calculated  the  [irolonj^ation  yf 
the  axis  of  the  eye  necessary  to  explain  distinct  vision  at  a  disUucc 
extending  from  4  inches  to  infinity,  Tlie  numbers  given  in  the 
following  little  table  arc  tuken  from  these  calculations. 


DISTAKCK    OF   TBI 

OBJBCT. 

oisrANCB  or  tbb  image  rmoii 

THB    COBNKA. 

b                  Infinite. 

0,8997  inches. 

1              27  inches. 

0,9189      „ 

1               8-     ., 

0,9671      „ 

1               *      .. 

1,0426      „ 

According  to  this  ^Iculation,  a  prolongation  of  the  aua 
of  the  eye  of  about  JjincK  would  suffice,  without  any  change  of 
cun'ature  of  the  ler/a  and  the  coniea,  to  ex])lain  distinct  vision 
from  4  inches  to  infinity. 

If  we  would  explain  the  power  of  adaptation  of  the  rye  by 
a  change  of  the  cur\ature  of  the  cornea,  we  nmst  according  to 
Olhers*  calculations  assume  the  following  variations  ; 


DISTANCE   or  THB  OBJBCT. 

RADIUS   or   THB    COIUfBA. 

Infiuite. 
27  inches. 
20     „ 
5      „ 

0,333  inches. 

0,321      „ 

0,303      „                    J 

0,273      „                    n 

If  thus  the  radius  of  curvature  of  the  cornea  were  only  altered 
from  0,333  to  0,300,  and  the  axis  of  the  eye  could  be  lengthened 
or  shortened  about  half  a  line,  the  power  of  adaptation  possessed 
by  the  eye  for  all  distances  from  4  inches  to  iniinity,  would  admit 
of  explanation. 

However  such  an  assumption  amy  explain  the  power  of  adap- 
tation possessed  by  the  eye,  its  correctness  is  by  no  means  proved ; 
in  fact,  many  objections  have  been  raised  against  it^  and  at  any 
rate  so  great  a  change  in  the  curvature  of  the  cornea  ia  somewhat 
improbable. 

Other  physiologists  endeavour  to  explain  this  power  of  adapta- 
tion of  the  eye  by  the  compression  and  change  of  position  of  the 
lens,  and  although  this  may  be  probable,  it  is  by  no  meajis 
proved  with  certainty.  This  capacity  may,  perhaps,  be  derived 
from  a  co-operation  of  rU  these  causes. 
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Distance  of  distinct  vision,  Shvrt-sighteducss  and  /ont/sit/hfcd- 
HOW. — It  has  already  been  observed  that  objects  when  brought 
too  near  the  eye,  can  do  longer  be  distinctly  seen.  Tlicre  is 
a  coTtain  distance  for  every  eye,  beyond  which  an  object  must 
not  be  i)Iacid  if  it  is  to  be  distinctly  seen  without  exertion ; 
«t  this  distance  of  distinct  \ision  we  involuntarily  hold  a  book 
in  reading,  if  it  be  printed  with  type  of  ordinary  sixe.  If  we 
bring  the  object  nearer,  it  cannot  be  seen  without  effort,  while 
at  a  still  closer  proximity,  distinct  vision  is  no  longer  possible. 
In  a  perfectly  sound  eye,  the  distance  of  distinct  vision  is  about 
8  or  10  inches :  where  thiu  distance  is  less^  we  tenn  the  eye 
short -sighted;  where  it  is  g^reater,  long-sighted. 

Indistinctness  of  vision  with  reference  to  objects  in  close 
proximity,  arises,  as  we  have  already  observed,  from  the  rays 
passing  from  the  ]>oint  of  a  near  object  diverging  so  strongly  that 
the  refracting  media  of  the  eye  arc  no  longer  able  to  make  them 
sufficiently  convergent  to  pi'oduce  a  re-union  upon  the  retina; 
^as  the  point  of  union  falls  in  this  case  behind  the  retina,  they 
appear  with  a  circle  of  dispersion.  If  we  are  able  to  hinder 
the  formation  of  this  circle  of  dispersion,  we  may  sec  objects  when 
bronght  very  near  to  the  eye. 

If  we  look  through  a  hole  made  with  a  pin  in  a  card,  holding 
the  eye  close  to  it,  we  shall  still  distinctly  see  the  letters  of  a  book, 
which  will  appear  considerably  enlarged^  whilst  on  the  removal 
of  the  card,  we  shall  no  longer  be  able  to  distingiush  the  letters. 
The  reason  of  this  is,  that  rays  can  only  reach  the  eye  from 
one  point  of  the  neighbouring  object,  passing  in  one  direction 
only,  through  the  tine  o]iening  in  the  card,  and  these  will  also 
strike  the  retina  in  one  point  only,  whilst  if  the  card  do  not 
keep  off  the  other  rays,  a  whole  pencil  will  pass  from  one  point 
of  the  object  through  the  pupil  into  tiie  eye,  furmiug  a  circle 
of  dispersion  upon  the  ret'ma. 

We  may  here  mention  the  interesting  and  instructive  experiment 
of  Father  Schcincr.*  If  we  make,  in  a  card,  two  minute  orifices 
with  a  needle,  at  a  smaller  distance  from  each  other  than  the 
diameter  of  the  pupU,  and  hold  these  openings  close  to  the  eye, 
we  sec  a  double  image  of  a  small  object,  as  a  pin's-head,  held 
within  the  visual  distance.  From  this  small  object  there  pass  two 
very  minute  pencils  of  rays  through  the  apertures  into  the  eye. 
These  rays  converge  towards  a  point   lying   behind  the  retina, 

*  Ocules  line  Fundaoieotiim  Opticunii  etc.  1652. 
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falling  ufion  the  Intter  at  two  diffirrcnt  points  ;  these  arc  two  isolaU-d 
pointd  of  the  eirclr  nf  (lii«|H>rHionf  wliich  would  srisc  upon  llic 
rtlina  if  the  othot*  rays  were  ii'tt  intercepted  by  the  card- 

if  now  we  remove  the  small  object  more  and  more,  the  images 
will  Hppronch,  because  the  rays  falling  upon  the  eye  throngfa 
the  ajierturea  will  diverg:e  Urss,  and  consequently  be  refracted 
towards  a  ]>oint  lying  nearer  to  the  retina.  If  the  object  be 
removed  from  the  eye  to  the  distance  of  distinct  vision,  the  two 
images  will  perfectly  coincide,  ttincc  all  ray;)  passing  from  one 
point  lying  exactly  at  the  dititaiicu  of  distinct  vision,  will  be  con- 
centrated at  one  point  of  the  retina. 

We  naturally  sec  near  and  distant  objects  with  equal  dia- 
tmctnesa  through  a  tine  aperture  in  a  card  held  close  before 
the  eye,  without  there  being  any  nircessity  for  the  eye  to  accom- 
modate itself  to  the  distances,  since  the  rays  passing  from  one 
point  tif  the  nbject  only  strike  the  retina  at  one  point ;  through 
such  an  apcrturcj  wc  may  therefore  at  the  same  time,  distinctly  see 
near  and  distant  objects ;  wc  may  here  ask  what  are  the  conditions 
of  adaptation  necessary  for  an  eye  in  looking  through  a  tine 
aperture  ?  And  the  answer  naturally  is,  that  in  its  oomial 
condition,  for  the  uiainteuance  of  which  no  effort  is  necessary, 
the  eye  is  in  the  state  requisite  for  seeing  objects  which  lie  at 
the  distance  of  distinct  vision. 

Let  us  now  revert  to  Scheiner's  experiment :  if  a  distant  object 
be  observed  through  both  openings,  the  rays  passing  into  the  eye 
through  these  two  ai>ertures  must  evidently  meet  at  one  point 
liefore  the  retina,  as  the  condition  of  each  adaptation  docs  not 
change  in  the  eye;  but  the  two  pencils  divei^  again  behind  the 
point  of  intersection,  striking  the  retina  at  two  different  points, 
when  consequently  distant  objects  will  be  seen  double.  Through 
the  two  small  apertures,  tkerefure,  we  only  see  a  small  object  single, 
when  it  lies  at  the  distance  of  distinct  vision. 

On  the  ]>rinciplcs  deduced,  from  Sebeiner's  experiments,  instru- 
ments have  bcL-n  constructed  which  bear  the  name  of  opiomelers,i 
and  serve  to  define  the  distance  of  distinct  vision.  / 

Short-sightedness  J  Myopia,  and  lojig-sightedness,  Presbgopia,  m 
defects,  the  causes  of  which  must  be  sought  for  in  a  deficiency  of 
the  power  of  adaptation,  on  which  habit  exercises  a  very  injurioui 
effect ;  short-sightedness  often  arises  from  the  neglect  of  exercising 
the  sight  on  distant  objects,  and  children  who  bend  the  head  too 
closely  over  the  paper  in  wntmg  or  reading,  frequently  become 
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in  consequence.  A  prolonged  use  of  the  microscope 
will  cause  an  otherwise  sound  eye  to  become  temporarily  short- 
Mi;ihud,  this  condition  frequently  continuing;  for  fiome  hours.* 

The  simplest  method  of  improving  either  defect  consists,  as  wc 
have  ulrcady  stated,  in  holding  a  card  having  a  fine  aperture  close 
to  the  eye.  liy  this  mcano,  the  principle  of  which  has  already 
been  ex]dained,  the  distinctness  of  the  image  will  certainly  be 
restored  at  the  expense  of  the  clearness. 

Ancither  method  is  the  use  of  sjicetaclcs,  which  are  constructed 
3nth  concave  glasses  for  short-sighted  eyes,  and  with  convex 
■bsaes  for  long-sighted  eyes.  In  a  short-sighted  eyc^  the  images 
of  distant  objects  fall  before  the  retina^  and  the  eye  has  not  the 
|iower  of  accommodating  itself  in  such  a  manner  that  the  images 
can  be  formed  upon  the  retina ;  we,  therefore,  on  this  account  alter 
the  refractive  i>ower  of  the  eye  by  the  use  of  concave  glasses,  by 
means  of  which  the  rays  coming  to  the  eye  converge  less  atruugly, 
and  thus  enable  the  rays  to  unite  upon  the  retina. 

In  far-sighted  [lersons  the  image  of  contiguous  objects  falls 
iMrhind  the  retina,  without  the  eye  being  able  to  aecumraodate 
itself  to  this  condition  of  rcfiraction;  wc  therefore  use  convex 
glasses  to  make  the  rays  more  convergent,  and  thus  bring  the 
p4)int  of  union  upon  the  retina. 

More  or  less  strong  glasses  raust  be  employed  where  there  is 
more  or  less  short-sightedness  present;  and  the  object  to  be 
attended  to  in  the  choice  of  the  glasses,  is  that,  in  co-operation 
with  them,  the  distance  of  distinct  \'ision  may  be  rendered  the 
same  as  in  a  perfectly  sound  eye,  that  is  about  8  or  10  inches. 

Shurt-sightcdnesH  appears  more  frequently  iu  middle  age,  and 
long-sif^htedness  in  old  age. 

Achromatism  of  the  eye. — In  ordinary  lenses,  the  foci  of  the 
rays  of  different  colour  do  not  coincide,  and  hence  arise  those 
coloured  edges  which  wc  perceive  on  the  outlines  of  objects  seen 
through  a  conunon  lens ;  that  is,  if  the  opening  of  the  lens  is 
large,  and  the  objects  ore  not  in  the  middle  of  the  field  of  view. 
Wc  have  already  seen  how  lenses  may  be  made  achromatic,  or  free 
£rom  this  defect.  The  human  eye  is  likewise  an  achromatic  instru- 
it,  for  wc  sec  the  objects  pure  and  without  coloured  borders. 

As  the  achromatism  of  lenses  may  be  effected  by  a  combination 

if  difff.rei»t  refracting  substances,  and  of  unequal  dispcreivc  power, 

possibiltty  of  the  achromatism  of  the  eye  may  easily  be  con- 

*   MuUcr'ft  Pbysioto^. 
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cctvcd,  since  b  my  of  light  in  its  coarse  through  that  organ  has  to 

traverse  successively   three   different  media^    which,  when    taken 
together  act  as  au  achnnnatic  lens. 

The  eye  is  not,  however,  perfectly  achromaticy  for  we  only  see  an 
object  pure  if  the  eye  can  properly  accommodate  itself  to  the 
distance  of  this  object.  We  sec,  for  instance,  vejy  vividly  coloured 
edges  on  a  dark  object  lying  before  the  eye  if  we  look  beyond  it 
upon  distant  objects  and  see  these  distinctly ;  if,  for  instance,  we 
make  a  bole  of  about  1  line  in  diameter,  and  holding  it  5  or  6 
iuchea  from  the  eye,  lo*tk  through  it  towards  some  distant  object, 
the  edges  of  the  opening  will  appear  coloured, 

Relaium  between  the  percej)tion  of  the  eye  and  the  external  icorU. 
— The  act  of  vision  depends  essentially  u|K)n  the  afFections  of  the 
retina  being  reduced  to  a  state  of  consciousness  by  certain  meani 
nnuccountable  to  us.  We  actually  only  take  cognizance  of  one 
dcHuite  condition,  one  certain  affection  of  the  retina  ;  but  that  we 
convert  the  images  of  the  retina  at  once  into  representations  of  the 
external  world  is  an  act  of  immediate  and  spontaneous  judgment, 
and  we  have  attained  such  certainty  in  this  by  constant  self-corro- 
borating experience,  that  we  do  not  feel  the  retina  to  be  a 
perceptive  organ,  and  confuse  the  direct  impressions  with  what, 
according  to  our  judgment,  ia  the  cause  of  them.  This  substi- 
tution of  the  judgment  for  sensation  occurs  involuntarily,  and  so 
to  aay,  has  become  a  second  nature  to  us. 

As  we  put  for  the  sensation  upon  the  retina  a  representation 
of  the  cxteniul  world;  we,  in  like  manner,  substitute  an  object 
external  to  ua  for  every  image  on  the  retina.  That  we  seek  in 
a  definite  direction  the  object  corresponding  to  a  definite  image 
of  the  retina,  ia  as  much  the  result  of  continuous  consequent 
cx|>ericnce  as  the  action  of  our  sense  of  sight  with  reference  to 
the  cxtenial  world. 

If  we  snpi»ose  the  object  and  its  image  on  the  retina  connected 
by  a  straight  line,  this  is  the  direction  in  which  we  perceive  the 
images  externally.  Volkmann  has  shown  that  if  we  draw  a  straight 
line  from  each  point  of  the  image  on  the  retina  towards  the  corres- 
ponding points  in  the  external  world,  all  lines  will  intersect  each 
other  at  one  point,  lying  in  the  interior  of  the  eye  and  behind  the 
lens  ;  this  point  he  calls  the  point  of  intersection. 

It  has  been  already  shown  that  tliminished  and  inverted  imagoa 
are  formed  upon  the  retina,  and  hence  the  question  ariaca,  why  we 
do  not  see  all    things   inverted?     Tliis    question  is  satisfactorily 
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Answered  in  the  above  considerations.  The  knowledge  of  the 
existeoce  of  an  image  on  the  retina,  and  of  its  lying  on  the  upper 
and  lower  parts  of  the  retina,  on  its  right  or  left  side,  can  only  be 
attained  by  optical  investigations ;  the  sensation  of  the  retina  does 
not  occur  as  consciousness^  but  is  involuntarily  projected  exter- 
nally in  a  certain  direction,  namely,  that  in  which  the  objects  lie 
that  cause  the  images  on  the  retina.  In  this  direction,  however, 
wc  also  find  objects  by  other  jM;re('ptions  of  sense :  as,  for  example, 
by  the  sense  of  feeling ;  there  is  consequently  the  greatest 
barmony  between  the  different  perceptions  of  sense  in  relation  to 
locality ;  and  without  such  a  state  of  harmonious  accord,  we 
should  sec  objects  inverted. 

With  the  representation  of  external  things,  by  means  of  the 
organ  of  vision,  we  combine  also  a  representation  of  their  size  and 
distance.  The  images  on  the  retina  lie  side  by  side,  and  if  we  do 
not  recognise  the  corresponding  objects  to  be  immediately  conti- 
guous to  each  other,  but  situated  the  one  behind  the  other,  that  is, 
if  we  raise  ourselves  from  the  plane  on  which  our  observations  are 
made  to  an  imaginary  representation  of  the  depth  of  space,  this  is 
an  act  of  the  understanding,  and  not  of  sensation.  The  young 
child  ha»  no  conception  of  distance,  and  grasfis  at  the  moon  aa  at 
objects  immediately  within  his  reach.  The  conception  of  the 
depth  of  visual  space  is  only  acquired  by  moving  in  space,  by 
obsening  that  images  change  by  this  motion,  and  enabling  us  by 
our  own  change  of  place  to  form  an  idea  of  the  distance  of  objects. 
The  apparent  size  of  objects  depends  upon  the  size  of  the  image 
on  the  retina.  If  we  suppose  lines  dra\Mi  from  both  extremities 
of  the  image  on  the  retina  towards  the  corresponding  extreme 
pointJi  of  the  object,  these  lines  will  intersect  each  other  at  an 
angle  jr,  which  we  call  the  angle  of  vision;  the  size  of  this  angle 
is,  however,  proportional  to  the  size  of  the  image  on  the  retina, 
and  we  may  thei-efore  say  tlmt  the  apparent  size  of  objects  depends 
upon  the  size  of  tlie  visual  angle  under  which  they  appear.  Two 
objects  of  different  size,  n»  A  B  and  A*  B',  may  have  the  same 

apparent  size>  if  their  size  be 
proportional  to  their  distance 
from  the  eye ;  different  objects, 
therefore,  whose  sizes  are  as 
1:2:3  &c.,  will  appear  at 
once,  twice,  thrirc  the  distance 
under  an  equully  great  angle 
of  vision. 
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Our  judgment,  regarding  the  actual  sue  of  objects  and  llioir 
distance,  is  only  acquired  by  continued  experience,  and  way 
by  practice  attain  a  mo8t  extraordinary  dcpre  of  certainty. 

Vision  with  both  eyes, — When  we  direct  both  eyc«  to  one  objcrt, 
we  see  only  a  single  image,  provided  the  eye  accommodate  itaelf 
to  the  distance  at  which  tlic  object  is  placed ;  wc  always  see  a 
double  image  if  the  eye  acconunodatcs  itself  to  a  greater  or  Bmsllcr 
distance ;  we  see  it  sharply  and  distinctly  when  we  see  it  singly  ; 
and  it  up|>ears  iudistiiiet  and  distorted  when  seen  doubly. 

We  may,  at  will,  see  a  single  or  double  imago,  by  holding 
before  the  face  one  or  two  fingers  exactly  behind  the  other,  it 
a  distance  of  about  1  and  2  feet,  when  the  back  one  will  spprar 
double  if  we  direct  the  axes  of  the  eyes  to  the  foremost  one,  and 
vice^versd. 

In  Fig.  291,   L  and  R  are  the  two  eyes,  A  and  B  two  objtTU 


i 
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lying  at  different  distances.  If  wc  look  at  the  object  A^  theaxo 
of  both  eyes  (the  axis  of  the  eye  is  the  straight  hue  connecting  the 
middle  of  the  retina  with  the  central  point  of  the  lens  and  the 
pupil]  will  be  directed  towards  A,  and  will  consequently  make 
a  tolerably  large  angU*  with  each  other;  the  imagi'  of  A  ap[M*ar« 
ia  each  eye  uj)on  the  middle  of  the  retina j  if  now  we  look  at 
the  distant  object  B,  as  represented  in  Fig.  292,  the  angle  of  the 
axes  of  the  eyes  will  be  smaller,  and  the  image  of  B  will  appear  in 
each  eye  in  the  middle  of  the  retina. 

If  we  look  at  A,  as  represented  in   Fig.  291,  the  image  of  W 
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wil!  lie  to  the  right  oi'  the  middle  of  the  retina  in  the  left  eye,  and 
to  the  let\  of  it  in  the  right  eye ;  the  iiiiiiges  b  and  b',  du  not| 
therefore,  lie  in  eorrcsponding  parta  in  both  eyes ;  and  this  is 
probably  the  reason  of  the  object  B  being  seen  double.  As  the 
iDUige  b  lies  to  the  right  of  a  in  the  left  eye,  B  will  appear  to 
be  to  the  left  of  A,  whilst  the  right  eye  sees  the  objeet  B  to 
the  right  of  A,  the  image  A'  being  left  of  a'.  If  we  have  fixed 
both  eyes  on  the  object  A  in  Huoh  u  nmnner  that  we  only  see 
it  single,  whilst  B  apjuars  double,  we  may  make  the  left  or  right 
image  of  B  disai>[>ear,  according  as  we  receive  the  rays  passing 
from  B  upon  the  left  or  right  eye.  If,  on  the  contnn^,  we 
see  the  distant  object  B  in  sueh  a  manner  that  A  appears  donble, 
aa  in  Fig.  292,  the  image  of  A  on  the  right  will  disappear,  ii'  we 
cover  the  left  eye. 

It  is  not  necessary  that  both  axes  of  the  eye  should  be  exactly 
fixed  upon  an  object  to  enable  us  to  see  a  single  image  with  both 
eyes,  that  is,  the  image  need  not  fall  in  the  middle  of  the  retina 
in  each  eye,  since  in  that  case  we  could  only  see  one  object  single, 
while  all  others  would  appear  double,  A  whole  series  of  objects 
may  at  the  same  time  be  seen  single  with  both  eyes,  if  thev 
only  cast  their  image  on  corresponding  parts  of  the  retina  in 
both  eyes.     In  Fig.  293,  L  an<l  R  represent  the  two  eyes,   A  B 

and  C  three  different  objects  lying 
befoi'e  them  ;  the  images  of  the 
three  objects  follow  the  same  order 
in  both  eyes,  that  is  to  say,  the  image 
of  B  lies  in  the  middle,  the  image  of 
C  to  the  left,  and  that  of  A  to  the 
right,  upon  tbc  retina  of  both  eyes; 
as  the  images  c  and  r'  on  the  retina, 
lit!  to  the  k'ft  of  b  and  b  ,  Wh  eyes 
see  the  object  C  to  Ibe  right  of  B: 
in  the  same  manner,  both  eyes  see  the 
object  A  to  the  left  of  B,  as  the 
uiiagrs  «  uml  a   on  liu;  rcinia  are  to  the  riglit  of  b  and  b  . 

If  an  object  appears  single  to  both  eyes,  that  is,  if  its  image 
falls  upon  corres[«)nding  parts  of  the  retina  in  both  eyes,  we 
see  it  more  clearly  than  with  one  eye,  and  of  this  we  may  easily 
convince  ourselves  by  looking  at  a  strip  of  white  paper,  and  then 
hold  up  a  black  screen  in  such  a  manner  as  to  conceal  hiilf  tbe 
paper  from  one  eye,  the  portion  of  paper  stuin  simultaneously  by 
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should  ' 


both  eyes,  appears  higher  than  the  other  half  wliieh  is  only 
hy  one  eye. 

The  reason  of  onr  beinp:  able  to  sec  singly  witli  Ijoth  nn^ 
is  probably  to  be  ftonght  in  the  course  uf  the  various  Hbres,  aiid 
not  as  the  consequence  of  habit.  Aliillcr,  in  whose  writingn 
much  may  be  found  rcfrarding  the  different  experiments  thai  have 
been  ntadt*  tu  elucidate  this  \sonderful  chain  of  causes,  saysj 
"  The  eyes  may  be  compaivd  to  two  branches  with  a  single  root, 
of  which  every  minute  portion  bifurcates  to  aa  to  send  a  twig 
to  each  eye." 

Limits  of  visibility. — In  order  that  an  object  continue  viaible 
is  necessar)'  that  the  angle  of  vision  under  which  it  appears 
be  within  certain  limits,  depending  very  much  upon  the  light  trans- 
mitted by  the  object  mid  its  colour,  the  nature  of  the  back-ground, 
and  the  individual  characteristics  of  the  eye.  To  an  eye  of  ordi- 
nary power,  an  object  is  still  visible  with  a  moderate  degree  of 
light  at  an  angle  of  30  seconds,  and  a  lisrht  object,  as  a  silver  wire, 
may  be  seen  on  a  dark  back-ground  under  an  angle  of  vision  of 
2  seconds.  Dark  bodies  may  also  be  very  distinctly  seen  on  a 
white  gioiuid,  even  when  they  are  very  minute ;  thus  nn  eye  uf 
moderate  power  may  see  a  hair  when  held  against  a  tolerably  clear 
sky  at  a  distance  of  4  or  6  feet. 

Duration  of  the  impression  of  light. — If  we  describe  n  circlf 
rapidly  with  a  burning  coal,  wc  are  unable  to  distinginsh  \\ix 
coal  itself,  seeing  only  a  fiery  circle.  The  cause  of  this  pbmn- 
menon  arises  from  the  part  of  the  rt»linaj  affected  by  an  iniptnwion 
of  light,  not  recovering  its  tranquillity  instantaneously  afu*r  the 
ri6,  294.  impression  itself  has  ceased ;  from  the  Mine 
reason  we  arc  unable  to  distinguish  the  spokrs 
of  a  rapidly  revolving  whecJ,  and  the  upper 
surface  of  a  top  painted  with  alternate  sccton 
of  black  and  white,  as  seen  in  Fig.  294,  will 
appear  gray.  But  if  the  top,  after  rotation  iii 
the  dark  bo  lighted  by  a  flash  of  lightning,  or  nii 
electric  spark,  wc  are  able^  t-learly  to  cUsiinguiKh  the  sc|)anitc 
sectors. 

If  wc  make  two  holes  diametrically  opposite  to  each  other  in  • 
pasteboard  disc  of  2  or  3  inches  in  diameter,  and  draw  strinp* 
through  them  as  seen  in  Figs.  295  and  206,  we  may  by  nieaus 
of  the  threads  cause  the  disc  to  irvnlve  so  nipidly  b»  to  *ho» 
alternately  tirst  the  one  side  and  then  the  other.      If  we  then  make 
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on  one  side  a  btftck  stripe  in  the  direction  of  the  two  little  holesj 
sad  on  the  other  side  one  st  riglit  angk'H  with  them^  we  shall  see  a 

no.  295.  riG.  296. 
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on  Euakiug  the  figure  revolve  rapidly,  because  the  impression 
produced  upon  the  eye  by  the  horizontal  stripe  is  not  obliterated 
when  the  vertical  stripe  becomes  visibJe.  If  we  paint  a  eagc 
on  one  side,  and  a  bird  on  the  other,  the  bird  wiU  appear  to 
be  within  the  cage  on  making  the  figure  revolve  rapidly. 

A  very  ingenious  and  pretty  apparatus  has  been  constructed,  on 

L^^^  297.  ^^^  principle  of  the  du- 

'  ration  of  the  impression 

^^^^^^^^^^^^^  of  lights  and  is  called 

^^^^^^^^}^^^^^^^  the  phenakUtiscope,  or 

^^^  ™  ^-  the     mng'xc     due.      A 

disc  of  20  to  25 
centimetres  in  dia- 
meter, may  be  put 
into  a  rapid  rotatory 
motion  about  a  hori- 
zontal axis  d?;  at  the 
edge  of  which  there 
is  a  succession  of  aper- 
tures at  equal  distances 
from  each  other.  In 
the  m/iffic  disc  repre- 
sented in  Fig.  297, 
there  arc  8  such  aper- 
tiires.  To  the  circle 
formed  within  these  8 
apertures,  a  smaller  and 
painted  disc  is  fastened, 
on  which  the  same  object  is  represented  in  B  different  positionSj 
each  aperture  corresponding  to  a  different  position.  In  onr 
figure  a  very  simple  object,  merely  a  pendulum,  has  been  deli- 
neated.    Under  the  opening  I^  the  pendulum  is  represented  as 
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its  gitreme  poeiiioii  to  the  left;  under  2,  we 
9tt  k  nearerto  its  poeitioii  of  eqailibriain ;  at  3,  it  has  reached  tbis 
point,  kc  Tlusappantas  moat  dow  be  held  befure  a  looking-glass, 
in  maA  a  msniKr  that  its  painted  side  may  be  tamed  towards  the 
^bm^  on  which  we  are  to  sec  the  reflection  of  the  coloured  disc 
through  ODC  of  the  openings,  the  upper  one  for  instance.  As  the 
&e  wwjIics,  one  opening  afurr  the  other  passes  before  the  eye, 
but  as  the  intervening  spaces  pass  before  us  nothing  will  be  seco. 
If  we  assome  that  at  a  definite  moment,  the  opening  1  passes 
bdbrc  the  eye,  we  shall  see  below  it  the  pendulum  in  its  greatest 
deration ;  the  impression  of  light  received  by  the  eye  at  this 
oMNnent  will  remain  until  the  second  opening  has  come  before  the 
eye,  and  now  the  pendulum  wiU  appear  in  the  same  place  as  when 
acen  in  its  gresteai  stage  of  de^-iation,  but  somewhat  nearer  to  a  posi- 
tioB  of  eqailibrinm ;  the  image  of  this  second  position  will  remain 
in  the  eye  ontil  that  of  the  third  position  has  come  to  the  same 
point,  and  then  we  shall  sec  the  pendulum  in  a  state  of  equilibrium ; 
the  representations  of  the  pendulum  passing  thus  successively 
before  the  eye,  cansc  the  deceptive  impression  that  wc  actuaUy  see 
the  pendulum  oscillate.  Inntrad  of  a  pendulum,  we  may  choose 
some  other  object,  and  represent  it  in  as  many  different  positioos 
as  there  are  apertures,  so  that  each  one  of  the  latter  msy 
correspond  to  a  different  position  of  the  object.  The  movements 
of  men  or  animals  may  in  this  manner  be  most  succcsfifullj 
given  by  merely  representing  them  in  different  and  successive 
phases. 

As  objects  must  have  a  certain  magnitude  in  order  to  be  percep- 
tible to  the  eye,  so  must  also  the  impreanon  of  light  endure  for  tn 
appreciable  time  in  order  to  produce  an  impression  upon  the 
retina.  For  this  reason  we  do  not  see  a  very  rapid  body,  as  a 
cannon-ball ;  the  image  of  the  flying  ball  pasting  over  the  retina 
with  such  rapidity  as  to  prevent  its  being  perceived  by  any  part 
of  it. 

The  after-effects  produced  upon  the  retina  will  be  8trong«?r,  and 
last  longer  the  more  intense  and  lasting  the  primitive  effect  is. 
The  after-images  of  light  objects  will  be  light,  and  those  of  dark 
objecU  dark,  if  the  eye  be  withdrawn  from  all  subsequent  action  d 
light.  If,  for  instance,  we  look  for  a  length  of  time  continuously 
through  a  wmdow  towards  the  clear  sky,  and  turning  suddenly 
away,  close  the  eye,  we  ..hall  still  see  the  light  intervening 
led  by  the  dark  window-frnmcs ;  if,  on  the  contrary, 
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we  turn  the  eye  towards  u  white  wall,  the  aflcr-image  which 
originally  dark  will  appear  light,  and  inversely ;  thus  we  shall 
the  window-frames  bght,  and  the  intervening  spaces  dark. 
This  inversion  is  easily  explained :  if  the  eye,  already  dazzled,  be 
tamed  towards  the  white  wall,  the  parts  of  the  retina  previously 
mffected  by  the  bright  light  will  be  less  sensitive  to  the  white 
light  of  the  white  wall  than  those  parts  on  which  the  image  of  the 
dark  window  frames  has  fallen.  / 

Coloured  secondary  images, — Our  organs  of  vision  often  expe- 
rience impressions  of  light  not  immediately  produced  by  external 
objects,  but  arising  from  a  peculiarly  irritable  condition  of  the 
retina.  Such  colours  are  termed  suhjectivCj  and  also  phyttiologicaL 
To  these  belong  coloured  secondary  images,  and  the  colours  pro- 
duced by  contrast. 

The  secondary  images,  of  which  we  have  spoken  in  a  previous 
lecture,  are  always  more  or  less  coloured^  and  this  coloration  is 
deeper  in  proportion  to  the  intensity  of  the  primitive  impression 
of  light  occasioning  the  secondary  image.  If>  for  instance,  wc 
look  for  some  time  fixedly  at  a  wax  taper,  and,  closing  the  eye,  turn 
towards  a  dark  part  of  the  room,  we  shall  still  seem  to  have  the  flame 
before  our  eyes,  although  it  changes  its  colour  by  degrees ;  at  first 
it  becomes  quite  yellow,  passing  then  from  orange  to  red,  next 
from  red  through  violet  into  a  greenish  blue,  which  becomes 
darker  until  the  secondary  image  entirely  disappears.  If,  on 
the  contrary,  we  turn  the  eye  that  has  been  dazzled  by  the 
flame  towards  a  white  wall,  the  colours  of  the  secondary  image  will 
succeed  each  other  in  an  almost  inverse  order,  that  is,  we  shall 
at  first  see  a  dark  image  upon  a  light  ground,  becoming  blue, 
green,  and  yellow,  and  finally  blending  with  the  white  groujid,  so 
as  to  be  no  longer  distinguishable  from  it  when  the  secondar)-  imagi? 
has  quite  disappeared,  that  is,  when  the  retina  has  recovered 
itself.  The  transition  from  one  colour  to  another  begins  at  the 
margin,  and  distributes  itself  gradually  towards  the  middle.  We 
may  observe  similar  phenomena  in  the  dazzling  images  of  white 
paper  lying  upon  a  black  ground,  and  lighted  up  by  the 
sun,  &c. 

If  while  the  coloured  secondary  image  still  remains  in  the  closed 
eye,  the  eye  is  opened,  and  directed  towards  a  white  wall,  we  shall 
sec  upon  the  latter  an  image  complementary  to  the  one  seen 
at  the  same  time  on  closing  the  eye.     If  the  secondary  image 
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We  csa  Boet  tamtf  cocTinoe  ooraehrai 
If  after  looking   fixedly  fbc 
yon  a  white  groand,  we  turn 
the  eye  naewhftt  andc^  ao  that  the  complemen- 
tary aeeoadKy  iBage  may  still  fall  partially  upon 
the  uJumeJ  aq|«are,  la  rqprcKiited  in  Fig.  296, 
dtaD  aee  the  free  portion  of  the  Meondary 
image  green,  whibt  the  portion  of  the  original 
R  image  which  haibeeaBie  free  (that  is,  the  part  send- 

ing ila  cays  to  thooe  plaeea  on  the  retina  which  had  not  previonBly 
been  inipreaMid  by  the  red  hght,)  will  appear  to  be  of  a  bright  red ; 
where  the  two  aqmra  touch  each  other^  however^  we  Hhall 
■ee  a  br  £unter  red,  fior  the  ray*  peaaing  from  this  portion  of  the 
objectire  red  aqnare  impinge  upon  the  aame  parta  of  the  retina  which 
haTe  already  become  lent  Kuailite  to  the  impression  of  red  light. 

Colotm  of  comtrmti, — A  gray  spot  ^peara  darker  on  a  white 
fnr^Me,  and  lighter  on  a  black  one,  than  if  the  whole  surface  were 
corered  with  the  aame  gray  Lint.  The  following  experiment  shows 
this  very  clearly.  If  wc  bring  a  narrow  opaque  body,  such  as 
a  pencil^  for  instance,  between  the  flame  of  a  taper  and  a  white 
nirface,  we  shall  see  a  dark  shadow  upon  a  hght  ground ;  if  then 
we  place  a  second  flame  near  the  first,  we  shall  see  two  dark 
shadows  upon  the  light  ground ;  but  yet  each  one  of  these 
shadows  is  as  strongly  illumined  by  the  flame  as  the  whole  surfiice 
was  before,  although  wc  considered  the  surface  prcvioiuly  to  he 
light,  while  the  shadow  appears  now  to  be  dark  :  this  experiment 
shoM's  the  important  effect  produced  by  contrast. 

The  phenomena  of  contrast  are  still  more  striking  in  considering 
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mred  objects,  in  which  we  often  see  complementary  tints  which 
were  not  objectively  before  present. 

When  we  lay  a  narrow  gray  strip  of  paper  upon  light  green 
paper,  it  will  appear  reddish ;  while  if  we  lay  it  upon  blue  paper, 
it  will  appear  to  be  yellow ;  in  short,  it  will  always  be  comple* 
mflntary  to  thn  colour  of  the  ground.  This  experiment  is  very 
dearly  seen  if  we  glue  a  strip  of  white  paper  of  about  1  milli- 
metre in  width  to  a  plate  of  coloured  glass,  and  then  look  through 
it  towards  some  white  surface,  as  a  sheet  of  white  paper,  or  also, 
if  wc  entirely  cover  one  side  of  the  glsua  with  thin  paper,  and 
fastening  the  narrow  strips  to  the  other  side,  hold  the  glass  before 
the  flame  of  a  taper ;  the  strip  wiU  then  appear  complementary  to 
the  colour  of  the  glass,  consequently  red  upon  a  green  glass,  and 
blue  upon  a  yellow  glass,  &c. 

We  must  here  include  the  coloured  shadows  which  appear  when 
a  narrow  body  throws  a  shadow,  or  coloured  light,  and  when  this 
shadow  is  illuminated  by  white  light.  Such  shadows  as  these 
are  moat  easily  obtained  in  the  following  manner  :  if  we  let  rays 
of  light  fall  through  a  coloured  glass  upon  a  white  surface,  for 
instance,  a  piece  of  white  paper,  so  that  it  may  appear  coloured, 
and  if  we  receive  upon  any  spot,  by  means  of  a  narrow  body,  the 
coloured  rays  lighting  the  paper,  we  shall  obtain  a  narrow  shadow, 
only  lighted  up  by  the  white  daylight  distributed  around;  the 
shadow  will  appear  complementary  to  the  colour  of  the  ground  ;  if 
a  red  glass  be  used,  the  shadow  will  be  green ;  if  a  yellow  one  be 
tkaed,  the  shadow  will  a])pear  bluci  &c.  The  colours  of  these 
shadows  arc  purely  subjective. 

We  often  observe  coloured  shadows  which  are  really  objectively 
variegated  ;  they  arise  where  a  body  casts  two  shadows  by  double 
illumination,  and  where  the  sources  of  light  are  of  various  colours, 
as  in  that  case  each  shadow  is  illuminated  by  light  of  different 
colours.  Such  coloured  shadows  arise  when  the  bluish  light  of 
the  sky  falls  at  twilight  into  a  room  where  a  candle  is  burning; 
thus,  if  we  hold  a  rod  in  such  a  manner  that  it  shall  cast  one 
shadow  in  the  candlelight,  and  anotlicr  in  the  daylight,  upon  a  white 
surface,  wc  shall  obtain  one  blue  and  one  yellow  shadow;  the  one 
being  iUuuiinated  only  by  the  bluish  daylight,  and  the  other 
by  the  yellowish  flanne ;  in  this  case  also,  contrast  may  exercise 
a  great  influence  upon  the  intensity  of  the  phenomenon  of  colora- 
tion, and,  consequently,  a  partially  objective  and  a  partially  subjective 
origin  may  be  ascribed  to  the  appearance. 
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The  fonns  most  commonly 
gTTen  to  the  Camera  Obscura, 
represented  in  Figs.  299  and 
300.  Fig.  299  is  a  box  having 
a  projection  a  6  c  d,  in  which  s 
eonvergent  lens  6  c  ia  inserted; 
the  rap  entering  the  dark  box 
this  kms  arc  reflected  upwards  by  a  glass  plane  inclined 
«t  an  aagie  45*  towards  the  axis  of  the  lens,  and  so  arranged  that 
the  image  of  a  distuit  object  at  i  ^  can  be  received  upon  a  ground 
gjaaa  plate.  Hie  corer  p  k  aerves  to  exclude  as  much  as  possible 
all  extraneous  light  from  the  image.  If  the  ground  aide  of  the 
glass  be  turned  upwards,  we  mav  trace  upon  it  with  a  pencil  the 
outhne  of  the  image  arising  at  i  k,  and  thus  obtain  a  drawing  of; 
the  objects  true  to  nature. 

Fig.  300  represents  a  somewhat  hollow  box,  at  the  bottom  of 
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Swhidi  a  fiheet  of  white  paper  is  laid  ;  through  the  upper  surface 
le  box  there  passes  a  tube  containing  the  convergent  lens^ 
viG.  300.  ^^^^  which  there  is  a  plane  mirror  inclined 

*  at  an  angle  of  45"  towards   the  vertical. 

*  ill-T.^V  '^^    "^y*   coming    from    the    object    are 

•  -'l^A  reflected   downward    from   the    mirror,    so 

that  the  image  is  formed  on  the  surface  of 
the  paper.  This  image  is  very  bright,  owing 
to  all  the  lateral  light  having  been  excluded 
by  the  walls  of  the  box,  by  which  means 
we  are  easily  enabled  to  trace  the  outlines 
J  I  ^  \    oi  this  image  with  a  pencil. 

/I   \^^-^  ^^  ^  \        Tlie  beauty  of  the  images  depicted  in  a 

f/^  Camera  Obscttra  has  excited  the  desire,  if 

possible,  of  permanently  fixing  them,  and 
although  most  persons  have  regarded  this  object  as  impracticable, 
there  are  still  some  who  have  made  the  attempt.  Since  light 
produces  chemical  actions,  as,  for  instance,  blackens  chloride  of 
silver,  there  appears  at  any  rate  to  be  a  possibility  of  procuring 
permanent  impressions  of  the  images  formed  in  the  Camera  Obscura. 
We  will  presently  proceed  to  discuss  the  discovery  of  Daffuerre, 
which  was  essentially  that  of  perpetuating  in  a  most  wonderful 
manner  the  images  of  the  Camera  Obscttra, 

The  most  advantageous  construction  of  the  Cgm^a  Obscura 
for  the  Daguerrotype  pictures,  is  that  given  to  it  by  Voigt* 
lander,  of  Vienna,  to  this  apparutus.  The  lens  used  by  him  is  a 
combination  of  crown-flint  glass  lenses,  in  which  the  images  arc 
j  nmch  more  sharply  defined  than  in  the  conunon  achromatic 
lena. 

77ie  magnifying  lens  or  simple  microscope. — ^\Ve  have  already  seen 
that  the  apparent  magnitude  of  an  object  depends  upon  that  of  the 
angle  of  vision  under  which  it  is  seen  ;  the  angle  of  nsion  increases 
in  amount  in  proportion  as  the  object  is  brought  nearer  to  the  eye ; 
but  we  only  bring  it  within  certain  limits,  that  is,  within  the  distance 
of  distinct  vision  from  the  unaided  eye,  when  we  would  distinguish 
the  outlines  and  the  separate  parts;  and  conseq\iently  the  magnitude 
of  the  angle  of  vision  is  circumscribed.  Every  instrument  admitting 
of  a  further  enlargement  of  the  angle  of  vision  for  small  conti- 
guous objects  than  the  naked  eye  allows  of,  is  called  a  microscope. 
Acconliug  to  this  explanation,  the  opening  in  the  card  described 
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this  tenuj  we  generally  ouly  designate  convex  lenacs  of  smali  focal 
Icnjfth. 

In  order  to  understand  how  a  simple  convex  lens  can  serve  u 
a  microttcopCi  we  must  look  at  Fig.  301.     If   P^^rbe  a  convex 
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lensj  and  A  B  an  ubj<:(rt  lying  within  the  focal  length  of  the  glas*) 
then  all  the  rays,  passing  from  a  point  of  the  object  ^  £,  will 
diverge  after  their  passage  through  the  lens,  exactly  as  if  they 
Game  from  the  corresponding  point  of  the  image  a  6  as  we  hive 
already  shown  ;  an  eye  behind  the  lens  will  be  able  to  see  the 
object  distinctly  through  the  lens,  if  the  image  iz  6  be  at  tiie 
distance  of  distinct  vision ;  in  this  case,  however,  the  object  being 
much  nearer  to  the  eye,  we  should  consequently  be  unable 
to  see  it  without  the  lens.  The  magnif^nng  power  of  the  lens 
depends,  therefore,  essentially  upon  the  means  it  gives  us  of  bringing 
the  object  very  near  to  the  eye,  and  thus  naturally  increasing  the 
angle  of  \'i8ion.  To  determine  the  magnifying  power  produced  by 
the  lens,  wc  must  compare  the  magnitude  of  the  angle  of  vision, 
under  which  the  image  a  b  appears  to  the  eye  when  lying  at  the 
distance  of  distinct  vision,  with  that  of  the  angle  of  vision  under 
which  the  object  itself  woidd  appear  if  it  were  just  so  far  removed 
from  the  eye. 

The  angle  under  which  a  b  appears,  can  only  be  ascertained  if  the 
distance  of  thr.  glaRs  fmm  the  point  of  intersection  in  the  eye  be 
known ;  but  as  we  hold  the  eye  close  to  the  glass,  the  thickncM 
of  which  is  inconsiderable,  we  may,  without  any  marked  error, 
assume  that  the  point  of  intersection  comcides  with  the  ccntr*i 
point  o  of  the  lens;  a^''  ""der  this  supposition  the  magnifyiof 
l>ower  is  easily  calculat 
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Seen  from  O,  the  object  A  B  and  the  image  a  b  appear  under  an 
eqoal  angle  of  vision,  we  therefore  find  how  much  it  ia  magnified 
if  we  compare  the  angle  of  vision  imder  which  A  B  appears  with 
that  under  which  the  same  ohject  would  appear  if  removed  from  O 
to  the  distance  of  distinct  naion,  that  is,  to  the  position  of  the  image 
a  6.  As  the  apparent  size  of  an  object  is  inversely  proportionate 
to  ita  distance  from  the  eye,  so  is  the  angle  of  vision  A  O  B  to 
the  angle  under  which  A  B  would  appear  if  seen  from  O,  if  thia 
object  were  removed  to  a  h,  or  inversely,  as  the  distance  of  the 
object  A  Bf  and  of  the  image  a  b  from  O.  If  we  designate  as  d, 
the  distance  of  the  image  from  O,  and  the  distance  of  the  object 

A  B  from  the  eye  as  x,  the  magnifying  power  will  be  -,  <?  being 

the  distance  of  distinct  vision. 

If  we  were  to  assume  what  certainly  is  not  the  case,  that  the 
unage  is  within  the  distance  uf  distinct  vision,  and  the  object  in 

the   focus   of    the    lens,   the    magnifying    power    would    be    j^ 

if  /  represent  the  focal  length  of  the  glass.     This  expression  -f 

does  not  certainly  give  us  the  true  value,  but  it  enables  us  to 
approximate  to  a  correct  estimate  of  the  magnifying  power  of  the 
lens. 

If  the  image  a  b  were  at  the  distance  d,  the  object  would  be 
within  the  focal  distance ;  x  is  therefore  in  every  case  smaller  than 
/;  the  true  value  of  the  magnifying  power  is,  therefore,  at  all  events 

somewhat  greater  than  -7-. 

If,  for  instance,  the  distance  of  distinct  vision  be  10  inches,  and 
the  focal  length  of  the  lens  2  inches,  the  magnifying  power   will 

still  be  somewhat  more  than  -^,  that  is,  rather  more  than  5. 

The  smaller  the  value  of/  the  less  will  be  the  focal  distance  of  the 
lens ;  the  less  also  will  be  the  value  of  x  in  proportion  to  the  great- 
ness of  the  value  of  — ,  and,  consequently,  the  greater  will  be  the 

X 

magnifying  power.  A  lens  of  small  focal  distance  magnifies  more 
strongly  than  one  of  greater  focal  distance. 

The  Solar  Microscope. — ^This  instrument,  the  action  of  which 
belongs  to  the  most  interesting  and  instructive  in  optics,  consists 
of  a  system  of  glasses  serving  to  illuminate  objects,  and  of  a 
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syRtem  of  lenses  of  short  focal  distances  giving  a  convergent  image 
of  the  objects. 

*  The  mirror  w,  Fig.  302,  reflects  the  solar  light  along  the  tube  /, 
parallel  with  its  axis.  The  lens  t  r  makes  the  rays  somewhal 
convergent,  a  second  lens  /  increases  this  convergence  still  more, 
BO  that  the  rays  are  united  at  a  focus,  which  is  very  uear  to 
the  object  under  examination.  In  order  that  this  may  always 
be  rendered  possible,  the  lens  must  be  made  move-able ;  this 
motion  is  imparted  by  a  screw,  tbi:  kuob  of  wliich  is  outside  the 
tube  and  let  into  a  little  notched  rod  fastened  to  the  setting  of  the 
lens. 

The  objects  secured  between  or  upon  ^ass  plates,  arc  brought 
between  the  metal  plates  />'  and  q.  As  the  plate  q  is  pressed  by 
springs  against  /^,  the  objects  are  held  by  this  pressure,  and  thm 
prevented  from  slipping. 

If  the  object  be  properly  adjusted  and  illamined,  it  is  tasf  to 
obtain  an  eutar^i^d  image  of  it.  For  this  purpose  we  make  oae 
of  the  achromatic  lens  /,  which  is  really  the  object-lens.  A  notched 
rod  is  fastened  to  the  setting  of  this  lens,  in  which  a  slide  is 
inserted,  by  which  the  lens  /  may  be  moved  at  will.  We  now 
adjust  the  lens  at  the  proper  distance  from  the  object^  until  we 
have  obtained  a  sharp,  clear  image  upon  a  white  wall,  a  piece  of 
linen,  or  a  p&|>er  screen,  at  a  distance  of  LO,  15  or  20  feet.  As 
an  actual  image  is  formed  here,  it  necessarily  follows  that  the 
object  must  be  at  the  other  side  of  the  focus  of  the  lens  /.  Wc 
may  calculate  the  magnifying  power,  by  dividing  the  distance 
of  the  object  from  the  lens  by  the  distance  of  the  image  firom  it* 
If,  however,  we  want  to  observe  directly  the  amount  of  the  magni- 
fying   power,    we    must  make   use   of  a  glass  micrometer,    the 


magnitude  of  whose  divisions  is 
size  of  the  divisions  in  the  image. 


known,  and  then  measure  the 
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Similar  microBCOpes  have  also  been  congtructcd  in  which  the 
light  of  the  sun  is  replaced  by  artificial  light,  as,  for  instance, 
by  the  light  of  a  ball  of  lime  (Drummond's  light)  igiuted 
by  the  oxy-hydrogen  blow-pipe,  or  by  the  light  of  a  lamp  of 
great  illuminating  power.  The  magnifying  power  will  be  small 
in  proportion  to  the  smallness  of  the  iilominating  power  of  the 
lamp. 

The  Magic  Lantern  (Interna  magica)  depends  upon  similar  princi- 
ples, the  only  difference  being  that  the  objects  are  painted  in  large 
dimensions  upon  glass^  and  are  lighted  by  a  lamp  allowing  at 
most  of  15  to  20-fold  magnifying  power. 

The  Compound  Microscope. — The  principles  on  which  the 
struction   of   all  microscopes  depend,  however  different  in  their 
arraDgementSj  are  the  following : 

1.  The  objects  to  be  subjected  to  experiment,  arc  placed  near  a 
convex  lens  Z»,  of  short  focal  distance,  and  somewhat  beyond  the 
focus.  Tliis  lens  is  called  the  object  glass^  whether  It  be  simple  or 
tomjioundj  achromatic  or  not  achromatic. 

2.  The  actual  and  mogniiied  images, 
thrown  by  the  objects  through  the 
object-glass,  arc  seen  through  a  convex 
lens  c,  which  serves  here  as  a  micro- 
scopic; this  second  lens  is  called  the 
ocular  or  eye-glass  of  the  microscope, 
whether  it  be  simple  or  compound, 
achromatic  or  not  achromatic. 

Thug  every  dioptric  microscope  is 
essentially  composed  of  an  object- 
glass,  and  an  eye-glass;  andthe  magni- 
fying power  of  the  microscope  is  the 
product  of  the  magnifying  powers 
]>roduced  by  these  glasses.  Tf,  for 
mstance,  the  object-glass  magnified  5 
times,  and  the  eye-glass  10  times,  such 
a  microscope  would  consequently  mag- 
nify the  diameter  of  objects  50  times^ 
and  thes^'  surfaces  2500.  We  should  obtain  a  linear  power  of 
1000,  and  a  superficial  power  of  1,000,000  if  the  magnifying 
powers  of  the  object-glass  and  the  eye-glass  were  respectively  100 
and  10,  or  50  and  20,  or  40  and  25,  &c. 


. — We  uppty  the  term  DAaeepe,  to  ilT 
£gtsnt  objectA  magnified.     It  coa- 
w  ft  cuttfuyug  loiSy   by  which  an 
ohjecU  >i  prodneed,  vibch  u  aeen  throogh  m 
at  «— |— — 1  erc^^sBi^  or  ^e-|neee.     If  the   inuge  be 
hj  ft  copcfc  ainv;  we  tern  the  inflCnmiait 
Iti  BKMt  iMMyoitftut  pvt  ti  ft  coocftTc  tDiiTor  ot 
tvmed  towards  the  object,  d  whieh  an  inreTted  image  is 
with  the  laws  we  have  abeadj  treacted  all 

oolf    in   the   -»— »*»^  in    which  thb    cdmr  ib 


adopted  in  the  ujusU  action  of 
904.  1^  concftTc  mirror 
■I  ■k'  has  a  arcalar  aper- 
ture c  r'  in  its  centre ;  the 
incident  rays  are  so  re- 
jected that  a  real  inrcrted 
image  of  distftnt  obje^rts  is 
formed  at  t  t' ;  this  imsgt 
within  the  foeal  diaUnce  of  the  small  concave  mirror  v, 
by  whidi  an  upright  image  of  the  inverted  image  i  i'  is  fanned 
bcfcre  the  eye-glasa.  The  ere-glaas  is  composed  here  as  in  tbe 
■KToaeope,  ol  two  lenaea.  The  first  cansea  the  rays  paaning  from 
^  mintar  v  to  be  more  convergent,  and  eonaeqaentlj  movea  the 
■'  somewhat  nearer  to  the  mirror  r^  than  woold  be  the 
if  itweze  Dot  for  this  kna;  the  image  a  a'  is  now  seen  throiQgh 
the  lens  imnediatelj  before  the  eje. 

Hie  mirror  r  must  be  remored  &om^  or  drawn  nearer  to  the 
eye-^aaa^  in  prt^)ortion  to  the  greater  or  smaller  distance  of  the 
objects  to  be  obaervod;  Uus  is  effected  by  the  screw  b  #. 

Refmcting  Telescoptt, — In  some  telescopesj  a  converging  Icna 
u  used  in  the  place  of  the  concave  mirror.  An  achromatic  lens 
should  be  chosen,  in  order  that  the  image  of  distant  objects  thrown 
upon  the  object-glass  may  be  clear  and  sharplv  defined;  such  an 
object-glass  must,  therefore,  always  be  compost  of  two  unequally 
duperaive  substances;  two  lenses  being  generally  used  that  arc 
m  immedwte  contact,  as  we  have  already  described;  but  in 
dxshthic  telescopes,  the  achromatismg  flint-glaas  lem,  is  removed 

ocular,  so  that  the  former  may  have  a  smaUer  cLmetcr.     Tele.. 


RBPRACTINO    TELESCOPES. 


285 


copes  differ  iti  the  various  arrangements  of  the  ocular.  In 
Galileo's  telescope,  the  ocular  consists  of  a  simple  biconcave  lens ; 
the  ocular  of  the  night,  or  astronomical  teIe8C0i>e,  has  one  or  two 
converging  lenses ;  while  the  terrestrial  telescope  has  four. 

The    arrangement    of   Galileo's    telescope    is    represented    in 
Fig.  306.      V  W  \%  the  object-glass,  wbich  would  produce  a  dimi* 
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nished  inverted  image  at  a  6,  if  the  rays  were  not  already  received 
by  the  concave  glass  K  Z,  But  now  the  eye-glass  is  so  placed  that 
the  distance  of  the  image  a  by  is  somewhat  greater  than  the  dis- 
persive distance  of  the  concave  lens  ;  consequently,  all  rays  con- 
verging towards  one  point  of  the  image  a  b,  are  so  refracted  by 
the  concave  lens  that  after  their  passage  through  it,  they  diverge 
u  much  as  if  they  came  from  a  point  before  the  glass ;  the  raya 
oODverging  towards  b  diverge,  therefore,  as  if  they  came  from  B ; 
and  tbose  converging  towards  a,  as  if  they  came  from  A  ;  we  thus 
the  erect  magnified  image  A  B  through  the  telescope. 
It  iB  easy  to  calculate  the  magnifying  power  of  this  kind  of 
tpe,  if  we  know  the  focal  distance  of  the  object-glass  and  the 
toiint  of  dispersion  of  the  eye-glass.  The  angle  under  which 
object  would  ap])car  vrithout  the  telescope  is  equal  to  the  angle 
idcr  which  the  image  a  b  appears  when  seen  from  the  focus  of  the 
-glaaSj  and  is  consequently  equal  to  the  angle  b  p  a  ;  if  we 
»posc  the  eye  removed  to  the  focus  o  of  the  eye-glass,  the  object 
through  the  telescope  will  appear  under  the  angle  Ao  B, 
lich  is  eqnal  to  the  angle  boa;  in  order,  therefore,  to  deter- 
mine bow  many  times  a  telescope  magnifies,  we  have  only  to  deter- 
mine how  many  times  the  angle  b  o  a  ia  greater  than  the  angle 
b  p  a. 
The  distance  of  the  image  a  b  from  the  object-glass  is  equal  to 
focal  distance /of  the  latter,  if  the  object  be  very  far  removed; 
the  distance  of  the  image  a  b  from  the  ocular,  is  not  pcrccp- 
ly  hirger  than  the  disperaive  distance  /'  of  this  glass,  and  we 
ly,  therefore,  without  any  serious  error  consider  the  distance  of 
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the  image  a  h  from  o  as  equal  to  f  ;  but  now  the  angIcK  b  p  a  «nd 
b  0  a  are  inversely  very  neai'ly  a»  this  distance,  therefore : 

boa / 

bpa~'/*' 

If  we  consider  the  angle  b  p  a,  under  which  the  object  appcan 
without  a  telescope,  as  =:  Ij  wc  shall  have  boa,  the  angle  under 

which  it  will  be  seen  in  the  telescope  =  -^  ;  that  is,  we  shall  find 

the  magnif)'ing  power  by  dividing  the  focal  distance  of  the  object- 
glass  by  the  dis])ersive  (or  focal)  distance  of  the  eye-glass :  the 
magnifying  power  increases,  thci*efore,  directly  with  the  augmen- 
tation of  the  focal  distance  of  the  object-glass,  and  inversely  ¥rith 
the  dispersive  (or  focal)  distance  of  the  eyc-glaas. 

The  distance  of  the  two  glasses  is  evidently  very  nearly  equal 
to  / — f* ;  if,  therefore,  we  join  different  eye-glasses  to  the  same 
object-glass,  the  distance  of  the  two  glasses  must  be  greater  in 
proportion  to  the  shortness  of  the  focal  length  of  the  eye-glass,  and 
therefore  to  the  increase  of  the  magnifying  power. 

In  astronomical  telescopes  the  image  of  the  object-glass  is  actually 
formed,  and  is  seen  through  a  simple  or  compound  lens,  sa 
represented   in  Fig,  306 ;  a  ^  is  an  inverted  image,  formed  by 
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the  object-glass   V  W,  of  an  object  which   is  examined  by  the 
lens  X  Zj  and  appears  magniiied  at  A  B* 

The  magnifying  power  of  such  a  telescope  can  easily  be  cal- 
culated, if  wc  know  the  focal  length  of  the  object-glass  and  the 
eye-glass,  for  the  angle  of  vision  under  which  the  object  appe4irs 
to  the  naked  eye  is  equal  to  the  angle  under  which  the  image  a  b 
is  seen  from  the  middle  of  the  object-glass  V  W ;  but  it  appean 
through  the  telescope  under  the  same  angle  as  the  image  b  Aj 
from  the  middle  of  the  eye-glass  X  Z ;  but  the  one  of  these 
is  to  the  other  inversely  as  the  distance  of  the  image  a  b 
the  object-glass  to  the  distance  from  the  eye-glass;  and  the  image 
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at  tbe  focal  distance  /  from  the  object-glass,  and  at  the  distance  y* 
from  the  t^e-glass,  if  we  designate  the  focal  distance  of  the  eye- 
glass by  / ;  the  angle  of  vision  under  which  the  distant  object 
appears  when  seen  through  the  telescope,  is  to  the  angle  of  vision 
under  which  it  is  seen  by  the  naked  eye  as  /  to  /* ;  the  magnify- 

f 
iDg  power  of  the  telescope  is  therefore  -^. 

The  length  of  the  telescope  \^  f  -\-  f ;  that  is,  it  is  equal  to  the 
suni  of  the  focal  distances  of  both  glasses. 

In  general  a  combination  of  two  lenses  is  made  use  of  instead 
of  one  simple  lens  for  the  eye-glass.  The  compound  eye-pieces  of 
astronomical  telescopes  are  either  arranged  precisely  like  the 
compound  cj'C-pieces  of  the  microscope — in  which  case  the  image 
is  formed  between  the  two  glasses  of  the  eye-piece — or  the  two 
lenses  are  placed  near  to  each  other,  so  that  the  image  is  formed 
before  the  eye-piece,  and  ia  sc^n  through  both  lenses  as  through 
one  single  strong  one. 

It  is  evident  that  we  see  the  objects  inverted  through  an  astro- 
nomical telescope,  for  an  inverted  image  of  the  distant  object 
is  formed  upon  the  object-glass,  and  from  being  seen  through 
a  simple  maguiiying  glass  does  not  again  appear  erect. 

The  clearness  of  the  image  depends  upon  the  aperture  of  the 
object-glass,  and  the  extent  of  the  field  of  \*iew  upon  the  eye-glass. 

In  order  to  be  able  to  bring  the  objects  to  be  observed  within 
the  field  of  view  of  astronomical  telescopes,  a  cross  wire  must  be 
applied,  exactly  at  the  spot  where  the  image  of  the  object  appears 
through  the  object-glass. 

Although  it  is  inexpedient  in  looking  at  terrestrial  objects  to  sec 
everything  inverted,  it  matters  but  little  in  astronomical  observa- 
tions, or  in  making  measurements.  In  order  to  see  objects 
erect  when  they  are  very  strongly  magnified,  the  eye-glass  of 
the  astronomical  telescope  is  replaced  by  a  tube  containing 
four  convex  lenses,  and  we  thus  obtain  the  terrestrial  telescope. 
The  four  lenses  in  the  eye-piece  form,  in  some  degree,  a  magnify- 
ing compound  microscope  of  inconsiderable  power,  by  which  the 
invcrtc^l  image  is  made  to  appear  erect.  The  two  anterior 
glaBses  in  the  eye-piece  form,  in  some  respects,  the  object- 
glass  of  this  microscope,  while  the  two  others  constitute  the 
eyc-glaas. 

The  magnifying  powers  of  the  Galilean  and  the  astronomical 
telescopes  may  be  calculated,  as  we  have  already  seen,  by  the 
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fbcal  diBtanceft  of  the  gUases ;  but  as  thia  focal  di^itance  has  first 
to  be  asccrtunedy  it  is  better  to  determine  the  amount  of  magnify- 
ing power  by  iumiediate  experiment,  Thia  may  be  simply  done 
in  the  following  manner  :  we  place  at  some  distance  firom  the 
telescope  a  graduated  staff,  such  as  is  used  in  measuring  land, 
and  while  we  keep  one  eye  directed  to  this,  we  look  through  the 
telescope  at  the  same  time  with  the  other ;  we  thus  observe  how 
many  divisions  of  the  graduated  staff  seen  by  the  naked  eye 
fall  upon  one  of  the  degrees  magnified  by  the  telescope,  and 
consequently  obtain  the  value  of  the  magnifying  power.  The  rows 
of  tiles  of  a  roof  will  answer  a  similar  purpoae  to  that  of  the 
graduated  staff*. 

Formerly  dioptric  telescopes  were  very  imperfect,  as  achromatic 
object-glaases  had  not  then  been  applied  in  practice  ;  and  on  that 
account  a  concave  mirror  was  made  use  of  instead  of  the  object" 
lens^  and  thus  arose  the  reflecting  telescope. 


CHAPTER  V. 


FBENOaiENA    OF    INTERFERENCE. 


Two  different  hypotheses  have  been  advanced  to  explain  the 
different  phenomena  of  bght,  namely,  the  theory  of  Emission^  or 
Corpuscular  theory,  and  the  theory  of  VOrration,  or  Unduiatary 
theory. 

The  theory  of  emission  assumes  that  there  is  a  peculiar  substance 
of  light,  and  that  a  luminous  body  transmits  particles  of  this 
fine  substance  in  all  directions  with  such  velocity,  that  a  particle 
of  light  travels  from  the  sun  to  the  earth  in  8  minutes  13  seconds. 
This  substance  of  light  must  necessarily  be  extremely  attenuated, 
and  not  subject  to  the  action  of  gravity,  consequently  it  most  be 
considered  as  imponderable.  The  difference  of  the  colours  of  light 
rests  upon  the  difference  of  the  velocity  of  transmission ;  reflection 
isf  therefore,  according  to  this  view,  analogous  to  the  rebotinding 
of  elastic  bodies.  To  explain  refraction  according  to  thia  theory, 
we  must  assume,  1.  That  there  are  in  transparent  bodies  inter- 
stices sufficiently  large  to  allow  of  the  passage  of  particles  of 
light;  and  2.  That  ponderable  molecules  exert  an  attractive 
influence  on  the  particles  of  light,  and  that  this  combined  with 
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the  velocity  attained  by  the  particles  of  light,  occasions  their 
deviation  from  their  direct  course. 

The  theory  of  Vibration  assumes,  that  light  is  propagated  by 
the  vibrations  of  an  imponderable  matter  termed  eiker.  According 
to  tliia  theory,  hght  is  somewhat  similar  to  sound ;  sound,  however, 
IB  tranamitted  by  the  vibrations  of  a  ponderable  substance,  while 
Jight  is  propagated  by  the  vibrations  of  an  imponderable  one — 
ether.  This  ether  fills  the  whole  universe,  since  light  penetrates 
the  spaces  of  heaven.  This  imponderable  substance  is  not  only 
distributed  through  the  otherwise  vacant  space  separating  the 
stars,  but  it  penetrates  all  bodies,  filling  up  the  interstices  occur- 
ring between  ponderable  atoms.  If  the  ether  were  in  a  state  of  rest 
throughout  the  whole  universe,  there  wotdd  everywhere  be  dark- 
ness ;  but  put  into  vibration,  as  it  were,  at  one  spot,  the  waves  of 
light  are  propagated  in  alt  directions,  as  the  vibrations  of  a  chord 
are  transmitted  through  a  calm  atmosphere.  Light  which  first 
arises  from  motion  is,  therefore,  to  be  distinguished  from  the  ether 
itself,  as  the  vibratory  motion  producing  sound  is  to  be  distinguished 
from  the  vibrating  particles  of  ponderable  matter. 

For  a  long  time  both  theories  numbered  adherents  amongst 
eminent  men  of  science.  Newton  establiahed  the  theory  of  emana- 
tion, and  Huyghcns  may  be  considered  as  the  founder  of  the  theory 
of  undulation.  The  fundamental  study  of  the  phenomena  of  light, 
which  we  arc  about  to  treat  of,  has  afforded  a  decided  triumph 
to  the  theory  of  undulation,  for  these  phenomena  admit  of  a 
very  simple  ex]jlanatiou  by  the  h)'pothe8i8  of  air-waves,  but  not 
80  by  the  theory  of  emission. 

Elements  of  the  theory  of  Undulation, — The  particles  of  a  lumi- 
nous body  vibrate  in  a  manner  similar  to  those  of  sonorous  bodies, 
only  the  undulations  of  light  are  infinitely  more  rapid  than  those 
of  sound ;  they  are  not,  however,  transmitted  by  ponderable 
matter,  but  by  the  luminous  ether. 

If  a  ray  of  light  be  tranamitted  in  the  direction  from  A  to  B, 
Fig.  307,  all  the  particles  of  ether  lying  in  a  condition  of  equili- 
brium, upon  the  straight  line  A  B,  vibrate  in  directions  at  right 
L  no.  307. 
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angles  to  A  B,  \R  almost  the  same  way  as  do  the  porta  of  a  tcDsc 
line,  sharply  struck  at  one  end.  The  curve  in  Fig.  307  repreaent* 
the  mutual  position  of  the  vibrating  molecules  in  a  defuutc  moment 
of  their  motion. 

Let  U8  now  consider  the  \ibrations  of  a  molecule  of  ether  some- 
what more  cloacly.  The  particle  whose  position  of  equilibrium  is 
at  b,  vibrates  continually  between  the  points  6'  and  h'*.  At  V  its 
velocity  is  null ;  the  more,  however,  the  particle  approaches  the 
))08ition  of  equilibrium,  the  mure  its  velocity  increases,  until  this 
attains  its  maximum  at  the  moment  in  which  the  molecule  |uuwes 
it»  position  of  equilibrium;  from  this  time,  the  velocity  again 
diminishes  until  it  is  again  null  at  b",  on  which  the  motion  b^os 
in  an  opposite  direction. 

Although  light  travels  with  extraordinary  rapidity,  its  trana- 
mission  is  not  instantaneous ;  the  vibrations  of  a  molecule  of  ether 
are  not,  therefore,  instantaneously  transmitted  in  the  direction  of 
the  ray  to  the  succeeding  molecules.  Let  us  siqipose  the  whole 
•cries  of  molecules  on  the  line  ^  B  to  be  at  rest.  If  now  the 
molecule  b  begin  its  vibrations  at  a  definite  moment,  all  the  other 
molecules  lying  further  beyond  B  will  begin  to  vibrate  later  in 
proportion  as  they  arc  removed  from  A  ;  whilst  the  molecule  b 
makes  a  perfect  vibration,  that  is,  whilst  it  moves  from  b'  to  A" 
and  back  again  towards  b',  motion  will  be  transmitted  to  some  me 
molecule,  as  c,  so  tliat  the  latter  will  begin  its  fresh  vibration  at 
the  same  moment  in  which  b  begins  its  second  motion.  From  this 
time,  the  molecules  b  and  c  will  constantly  be  in  the  same  phase 
of  vibration,  that  is,  they  will  simultaneously  pass  the  position  of 
equilibrium  moving  towards  the  same  side,  and  will  siuiultaneousl)' 
attain  the  maximum  of  deviation  on  cither  side  of  A  B, 

The  distance  b  c  between  two  molecules  of  ether  constantly  in 
the  same  phase  of  vibration,  is  termed,  as  we  have  already  seen, 
the  length  of  a  wave.  U  c  d  he  also  the  length  of  a  wave,  the 
molecule  will  begin  its  first  vibration  at  the  moment  in  which  c 
begins  its  second,  and  b  its  third  oscillation ;  d  will  from  this 
time  be  constantly  in  the  same  phase  of  vibration  as  c  and  b, 

K  /  lie  half-way  between  b  and  c,  that  is,  if  it  be  removed  half 
the  length  of  a  wave  from  ft,  the  molecule  at  /  will  always  be  in 
phases  of  vibration  opposite  to  those  of  the  molecules  at  b  and  c. 
When  b  and  c  attain  the  maximum  of  deviation  above  A  B, 
attains  the  same  maximum  on  the  opposite  side.  The  molecule 
/  paaaes  the  position  of  equilibrium  simultaneously  with  b  and  c, 
but  moves  in  an  opposite  direction. 
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tj  two  TTwlecuies  of  ether  be  removed  ^  the  length  of  a  wave  from 
each  other  in  the  path  of  a  ray  of  light,  they  will  always  be  affected 
by  equ4il  but  opposite  velocities,  Tlie  same  applies  to  such  par- 
ticles as  are  rpmovcd  |,  -|,  ^,  &c.,  of  the  Icn^h  of  a  wave. 

The  length  of  a  wave  is  not  the  same  for  different  colours ;  it 
is  largest  for  the  red,  and  smallrat  for  the  violet.  We  cannot 
treat  further  here  of  the  manner  in  which  the  length  of  waves  for 
differently  coloured  rays  may  be  determined  with  extraordinary 
aceuracry. 

Unequal  periods  of  undulation  and  different  lengths  of  waves  are 
dependant  upon  each  other;  thus  the  undulations  of  violet  rays  are 
the  quickest,  and  those  of  the  red  rays  the  slowest. 

We  thus  sec  that  in  light  the  difference  of  colours  corresponds 
with  the  unequal  height  and  depth  of  tint.  .    ,  .  ,  '      f  -.^  tls 

We  may  form  a  very  clear  idea  of  the  manner  in  which  waves  of 
Hgbt  are  distributed  in  all  directions  from  a  luminous  pointy  if,  aa 
we  have  already  8how^l,  we  consider  the  waves  that  arise  upon  the 
sor&ce  of  a  piece  of  still  water  on  the  throwing  in  of  a  atone.  From 
the  spot  where  the  stone  sinks  in  the  water,  circular  waves  are 
formed ;  the  advance  of  these  wavea  from  the  central  point  of  motion 
does  not  depend  upon  the  separate  particles  of  water  having  such  a 
progressive  motion,  for  if  a  light  body,  as  a  piece  of  wood  float  upon  it 
within  the  boundary  of  the  undulatory  motion,  it  will  only  rise  and 
fall  alternately.  The  particles  of  water  move  alternately  up  and 
down  at  the  spot  where  the  stone  fell  into  the  water,  and  thia  motion 
is  transmitted  in  a  circle  with  equal  velocity;  all  the  particles 
of  water,  therefore,  which  are  equi-distant  from  the  middle 
point,  will  also  be  in  like  phases  of  vibration ;  that  is,  they  will 
simultaneously  reach  their  highest  and  lowest  position.  Concentric 
wave-elevations  and  depressions  will,  therefore,  be  formed,  as  is 
shown    in    Fig.    308.      If  at   a    definite   moment,  the   complete 

circles  correspond  to  the  wave  eleva- 
tions, and  the  dotted  circles  to  the  wave 
depressions,    the   wave    elevations    will 

_^^^^  spread  outward  in  such  a  manner  as  to 

I  jjHHBQSSNBilKl  ^^  ^^^^  ^  '^^^'^  period  of  time  exactly 
I  |lHlHi^H9IHD^  ^^  ^^^^  dotted  axis,  while  the  wave  de- 
I  ^^BBSSSS^m^m  P^t^'^^ionR  will  have  in  like  manner  as- 
I        ^^^SS^SSSSF    ^^^^^^  ^^^  places  defined  by  the  complete 

^^         ^^^^P^^  ^11  tjip  particles  of  water  intervening 
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between  two  eucceasive  WBTe-clevatton»  or  wave  dcpressiona  form  a 
WBVCy  while  length  of  the  wave  is  the  distance  firom  one  ele^'atioD  to 
another,  or  from  one  depresaion  to  the  next.  Ab  one  particle  of 
water  descends  at  a,  for  instanccj  from  its  highest  position,  and 
then  riaes  again  to  the  summit  of  a  wave-elevation,  the  Utter  will 
advance  one  Ien§:th  of  a  wave. 

As  the  waves  of  water  distribute  themselves  in  concentric  circle* 
around  the  point  of  displacement,  the  undulations  of  light  move  in 
concentric  spherical  layers  around  the  source  of  light ;  the  aajatt 
of  the  wave$  of  light  is  spherical,  at  least  as  long  as  the  elasticity 
of  the  ether  remains  the  same  in  all  directions. 

Interference  of  raya  of  light, — We  will  at  once  proceed  to 
explain  how  the  combined  action  of  two  pencils  of  light  sometimes 
produces  increased  light,  and  sometimes  perfect  darkness. 

Such  an  increase  or  cessation  of  light  produced  by  the  combined 
action  of  two  rays  of  light  is  designated  by  the  term  hUerferenee 
of  the  rays  of  light ;  and  may  be  thus  explained. 

In  Fig.  309,  the  lines  A  B  and  C  D  represent  two  elementary 
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rays  of  light,  which,  emanating  from  one  source,  reach  the  point 
a  by  different  paths,  and  intersect  each  other  at  a  very  acute 
angle.  It'  the  distance  traversed  by  the  ray  of  light  C  D  on  its 
path  from  the  source  of  hght  to  the  point  a  be  as  greats  or  1,  2,  or 
3  lengths  of  a  wave  greater  than  the  length  from  the  source  of 
hght  to  the  point  a  on  the  path  of  the  other  ray,  the  two  rays 
will  interfere  at  a  in  the  manner  represented  in  Fig.  311. 

The  wave  line  abed  represents,  at  a  given  moment,  the  relatiTC 
position  of  the  particles  of  ether  transmitting  the  rays  in  the 
direction  A  B.  The  particle  b  has  just  reached  its  extreme 
external  position  below  A  B,  and  the  particle  a  passes  its  point  of 
equilibrium  in  the  direction  indicated  by  the  little  arrow. 

The  dotted  wave  line  shows  us  the  simultaneous  state  of  vibra- 
tion of  the  particles  of  air  propagating  the  pencil  of  light  C  i>. 
If  botlr  rays  have  traversed  equal  distances  from  the  source  of 
light  to  the  point  a,  the  particle  a  will  be  affected  simultaneously 
in  the  same  way  by  both  rays ;  at  the  moment  represented  in  our 
drawing,  the  particle  a  is  likewise  forced  downward  by  the  second 
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wave  fiystcm,  the  intensity  of  vibration  is,  thercforCj  twice  rs  great 
as  if  its  uiotioD  were  only  iudueiiced  by  the  vibratioua  of  one 
ray  nf  light. 

In  like  manner  the  vibrations  of  two  rays  of  light  meeting  at 
one  pointj  and  deviating  throughout  their  whole  course  about  the 
multiple  nf  a  whole  length  of  a  wave,  must  strengthen  each  other. 

Fig.  310  represents  the  combined  action  of  two  rays,  one  of 
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which  has  preceded  the  other  by  an  odd  multiple  of  a  half  a  length 
of  a  wave.  By  the  vibrations  of  the  one  ray  (the  wave-line  corres- 
ponding to  it  is  fully  delineated,  while  that  of  the  other  ray  is  only 
dotted)  the  particle  a  is  urged  upwards  at  the  same  moment  in 
which  the  undulations  of  the  other  ray  strive  to  move  it  downwards 
with  equal  force,  the  two  opi>ositc  forces,  therefore,  neutralize  each 
other,  and  the  particle  a  remains  at  rest. 

We  have  hitherto  only  considered  those  cases  in  which  the  diffe- 
rence of  the  interfering  rays  amounts  to  the  multiple  of  a  whole 
length  of  a  wave,  or  to  an  odd  multiple  of  a  half  the  length  of  a 
wave.  If  the  difference  falls  within  these  hmit«,  an  effect  will  be  pro- 
duced by  the  interference  of  the  two  rays  lying  between  the  limits 
of  which  we  have  already  spoken,  that  is^  there  can  neither  be  any 
complete  destruction  of  the  undulation,  nor  any  doubling  of  the 
intensity  of  the  undulation.  The  actual  intensity  of  imdulation 
produced,  approaches  more  to  one  or  other  of  these  limiting 
values,  according  as  the  difference  of  the  path  approximates  more 
nearly  to  an  odd  multiple  of  a  half  a  wave,  or  to  a  multiple  of 
the  whole  length  of  a  wave. 

We  now  pass  to  the  consideration  of  those  phenomena  which 
admit  of  being  referred  to  the  principle  of  interferences. 

Befrfmrjifntity  of  light. — If  we  look  at  a  little  solar-image  on  the 
fiiside  of  a  blackened  watch-glass,  a  |H)lishcd  metal  button  or  a 
thermometer  bulb  by  means  of  a  fine  circular  opening,  as  may  be 
made  with  a  fine  needle  in  a  card,  we  see  a  light  round  spot 
surrounded  by  several  coloured  rings.  Fig.  312  represents  this 
phenomenon. 

If  instead  of  the  iKniit,  we  make  a  fine  straight  slit  in  the  card, 
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and  look  through  it  at  the  solar  image  upon  the  watch-glf 
(which  is  better)  upon  the  light  line  on  a  glaw  tube  blackeaed 
in  the  inside,  and  laid  in  the  bud,  we  shall  see  the  phenomenon 
exhibited  at  Fig.  311.  In  the  centre  of  the  image  we  shall  see  a 
light  stripe,  hanng  at  both  sides  narrower  coloured  stripes  which 
have  a  less  intensity  of  light  as  they  approach  the  outside. 

The  finer  the  circular  opening,  and  the  narrower  the  slit,  the 
broader  will  be  the  rinf^s  or  the  »tri|>e6  as  the  case  may  be. 

The  simplt-'st  mode  of  observing  thin  phenomenon  is  by  holding 
a  glass  of  only  one  coloui*,  a  red  one  for  instance,  to  the  eye  with 
the  card ;  then  on  looking  through  the  slit  we  shall  see  in  the 
centre  a  bright  red  stripe  bounded  on  both  siden  by  a  black  stripe; 
on  either  side  there  will  then  succeed  several  red  lateral  images 
which  always  become  fainter,  the  one  being  divided  from  the  other 
by  a  black  stripe,  nearly  in  the  manner  represented  in  the  under- 
most series  in  Fig.  315. 

The  bright  sides  as  well  as  the  bright  stripe  form  the  same 
colour  in  the  middle,  they  arc  not  sharply  defined  by  the  black 
stripes,  the  transition  from  clear  light  to  the  darkest  spots  is, 
therefore,  gradual. 

Wc  Bce  the  same  phenomenon  through  a  g^een  glass,  only  in 

this  case  the  stripes  are  narrower,   and  when  a  violet  glaas  is  usetl 

they  arc  still  more  so,  as  indicated  in  Fig.  313.     The  explanation 

P,c  313  of  these  phenomena  can  only 

be    here     cursorily    touched 

upnn. 

If  the  light  fall  from  n 
Hutticiently  remote  point 
straight  upon  the  plane  of 
the  screen  A  B  in  which 
there  is  the  opening  C  D, 
partick-s  of  ether  at  this  opening  as 
source  of  light,  wid,   therefore,  in   like 


Tuay  couhidt^r   all   tin 
equally  remote  from  the 
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But  eacli  one  of  these  partidua  of  ether 
transmits  its  nbrationa  on  the  further 
side  of  the  screen  in  all  directions^  as  if 
it  were  a  aelf  luminous  particle;  the 
intensity  of  the  light  at  any  one  point  a 
l}-ing  behind  the  screen  depends,  conse- 
quently, upon  the  action  {)roduced  by 
the  interference  of  all  the  rays  ejnanating 
from  the  dilfereut  points  of  the  opening 
C  D  and  meeting  at  s. 

The  rays  of  light  which  are  trans- 
mitted from  C  D,  at  right  angles  to  the 
opeuinp,  will  always  strengthen  each  other,  conRcqucntly  the  centre 
of  the  imaj^e  will  be  bright.  If,  however,  we  j)ass  over  to  points 
lying  at  the  >idc,  the  rays  mei*ttn«?  hri'c  will  not  strengthen  each 
other;  the  intensity  of  light  must,  thcrdbrc,  diminish  laterally 
towards  a  point  at  which  all  the  rays  coming  from  C  D,  and 
meeting  here,  will  entirely  destroy  each  other;  here  we  shall 
observe  a  dark  stri|>e. 

Still  further  from  the  centre  there  arc  again  points  at  which  no 
complete  destruction  of  the  waves  proceeding  from  C  D  and 
meeting  here  occurs,  where  consequently  light  is  again  observed ; 
to  this  succeed  darker  stripes  by  which  all  the  waves  of  light 
perfectly  destroy  each  other.  The  reason  of  the  light  and  dark 
stripes  not  coinciding  in  the  differently  coloured  rays  depends  upon 
the  difference  of  the  lengths  of  their  waves. 

When  all  the  differently  coloured  rays  combine^  whcn^  for 
instance,  we  look  at  the  white  solar  image  through  a  fine 
a]>orturc  without  the  assistance  of  a  glass,  we  shull  see  a  white 
streak  in  the  centre,  because  here  the  maximum  of  the  intensity  of 
light  for  all  colours  is  found ;  but  the  side  images  are  nil  coloured, 
there  being  nowhere  a  perfectly  white  or  perfectly  black  stripe  to 
be  seen,  for  where  there  is«a  black  stripe  for  one  colour,  there  will 
be  a  light  strijie  for  other  colours. 

We  have  here  only  slightly  touched  upon  the  explanations 
necessary  to  elucidate  the  phenomena  of  refrangibility,  since  a 
fuller  exposition  of  the  question  would  carry  us  beyond  our  limits. 
Tljc  form  of  the  phenomena  of  refrangibility  depends  upon  the 
form  of  the  apertures ;  and  also  changes  with  the  number  of  the 
btt^r. 

If  two  minute  circular  apertures  in  a  screen  lie  near  each  other. 
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as  thus ,  *,  we  aball  again  see  on  looking  towardB  a  luminoufl  p 
the  aame  rings  (Fig.  312]  as  if  there  were  only  one  aperture;  theac 
rings  appear,  however,  to  be  intewectcd  hy  straight  bUrk  stri|)es 
lying  at  right  angles  to  the  direction  of  the  line  uniting  both 
openings.  These  black  athpcs  also  pass  through  the  central  light 
spot.  Fig.  312. 

This  experiment  clearly  shows,  that  darkness  may  arise  from  the 
combination  of  two  rays  of  hght,  or  in  other  words,  that  the  action 
of  one  ray  of  light  may  be  destroyed  by  that  of  ant>ther.  If  the 
light  enter  only  through  one  hole,  we  shall  see  the  figure  rcpT«*aiti*<l 
in  Fig.  312 ;  as  soon,  however,  as  a  second  aperture  is  added,  bhu-k 
stripes  will  appear  in  the  bright  parts  of  this  image ;  here,  there- 
fore, the  action  of  light  produced  by  rays  iucideat  at  one  aperture 
will  be  destroyed  by  that  of  the  rays  passing  through  the  od)er 
aperture. 

Very  curious  phenomena  arc  observed  in  suffering  white  light  to 
pass  through  a  wire  game — this  is  cxemplitied  in  the  frontispiece  in 
Fig.  1,  Plate  1.  Tn  the  centre  appears  the  direct  image  of  the 
line  of  light,  it  is  white,  owing  to  the  combination  of  the  mcdma 
of  all  the  colours.  On  either  side  of  this  line  of  light  are  dark 
spaces,  to  which  succeeds  a  coloured  band  similnr  to  the  prismatic 
spectrum,  whose  violet  extremity  is  tiuncd  inwards.  After  o 
second  totally  dark  space  comes  another  broad  coloured  band,  the 
red  extremity  of  which  touches  upon  the  violet  extremity  of  a  third 
coloured  band. 

Fig.  2,  Plate  I,  also  exhibits  the  phenomenon  obacrved  throagi) 
simple  gratings,  when  two  of  these  are  crossed  before  the  obj^ 
glass  of  a  telescope,  while  we  direct  it  towards  a  luminous  pdlL 
The  middle  is  occupied  by  the  white  image  of  the  luminous  point, 
while  around  are  a  number  of  prismatic  images,  which  all  ttmi 
their  violet  extrcmitica  inward. 

Very  beautiful  phenomena  of  refrangibility  are  manifested  w 
seen  through  a  series  of  fine  apertures,  as,  through  a  row  of  fioe 
parallel  lines  scratched  upon  a  glass  plate.  To  this  class  belong 
the  phenomena  seen  on  looking  towai-ds  a  luminous  point  thnrogb 
the  feather  of  one  of  the  smaller  kinds  of  birds,  the  fiame  of  s 
taper  suffices  to  show  this  with  great  brilliancy. 

If  we  strew  lycopodium  seed  upon  a  glass  plate,  and  l«J£ 
through  it  towards  a  lighted  taper,  we  shall  see  a  beautiful 
areolar  figure  composed  of  many  coloured  rings.  This  is  aim 
phenomenon  of  refrangibility. 
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Colours  of  thin  plates^ — Every  transparent  body  appears  vividly 
Hired,  if  seen  in  sufficiently  thin  plates,  as  is  well  exhibited  in 
Lp-bubblee.  The  thin  pieces  of  a  glass  sphere  expanded  to 
bursting  b4»fore  the  glass-blower's  lamp  exhibits  itsdf  in  the 
most  dazzling  colours ;  similar  colours  are  observed  when  a  drop 
of  oil  (as  oil  of  turpentine)  is  spread  over  a  surface  of  water ;  or 
when  a  glittering  piece  of  metal  heated  in  the  fire  is  gradually 
covered  with  a  coating  of  oxide  (in  the  annealing  of  steel).  Thin 
layers  of  air  produce  such  colours  as  these,  as  may  be  often  seen 
in  the  flaws  in  somewhat  thick  masses  of  glass. 

These  colours  are  exhibited  with  the  greatest  regularity  iTi  the 
na.  315.  form  of  rings,*  if  we  lay  a  glass  lens 

of  great  focal  length  upon  a  plate  of 
glass^  or  the  plate  of  glass  upon  the 
lens.  Newton,  who  observed  these 
coloured  rings,  which  are  commonly 
termed  Newton's  rings,  nsed  lenses 
whose  radii  of  curvature  amounted 
from  15  to  20  metres.  MTiere  the 
plate  of  glass  touches  the  lens,  we  see 
by  reflected  light  a  black  spot  sur- 
rounded with  coloured  concentric 
rings,  becoming  narrower  and  fainter  towards  the  outer  edges,  as 
seen  in  Fig.  315. 

If  wc  look  at  the  rings  through  a  monochromatic  glass,  wc  only 
see  alternately  bright  and  dark  rings.  These  rings  are  broader 
for  red  than  for  green  light,  and  narrower  for  violet  than  for  green. 
If,  instead  of  coloured  we  use  white  light,  we  flhall  not  be  able  to 
see  a  thoroughly  white,  or  a  thoroughly  black  ring,  because  neither 
the  light  nor  the  dark  rings  of  the  difi*erent  colours  coincide ;  we 
see  colours  throughout,  which  in&tead  of  being  the  pure  hues  of 
the  spectrum  are  mixed  colours. 

These  phenomena  of  colour  may  be  explained  in  the  following 
manner: 

If  rays  of  light  fall  upon  any  lamina  of  a  transparent  body,  they 
will  be  reflected  partially  at  its  upper,  and  partially  at  its  lower 
surface,   and  the  rays  of  light  reflected  from  the  two  surfaces  will 

*  The  ring  system  is  moat  bemutifully  exhibited  in  several  ooi-  and  bi-axal 
crvKtkU.  and  for  the  ftakc  of  more  striking  Ulu»trAtion  of  those  phcDomcoa,  wc  have 
given  coloured  representations  of  the  a]i|>caranccs  manifeatcd.  which  will  be  found  in 
riaic  IL 
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interfere,  either  destroying  or  strengthening  each  other,  according 
to  the  difference  of  the  paths  vrhich  they  have  traversed. 

Let  ua  consider  this   more  closely.     In    Fig.  316,   MNOP 
rto.  316.  represents  a  thin  laniina  of  a  transparent 

body   on  which  a  pencO   of  parallel  nrs 
a  b  impinges,   this  pencil  of  rays  will  be 
y \    /  partially  reHected  in  the  direction  b  e,  tnd 

jf         ^  v4  w     partially  refracted  towards  d.     But  the  rc- 

BH^^^^^^^^^B  fracted  rays  will  suffer  a  second  Mrparation  at 
^^BH^l^H^P  the  surface  O  P ;  the  reflected  portiun  will 
*^        /*/  eaicrge  at  e,  in  the  same  direction  as  the 

pencil  of  light  reflected  at  the  first  surface 
M  N,  consexjuently  hoth  pencils  of  lighl* 
b  c  and  ef  will  interfere, 

Bwt  how  hap|)cna  it  that  only  thin  lamina  exhibit  such  colour* 
as  these,   while  plates  of  some  thickness  do  not  manifest  ihnnT 
Lei  lis,  for  the  sake  of  more  easy  concession^  assume  that  ibc 
waves  of  light  in  violet  rays,  are  half  as  tprcat  as  those  in  red 
rays ;  (they  are  actually  somewhat  beyond  half  as  great),  then  the 
diameter  of  the  violet  rings  will  be  the  half  of  that  of  the  red 
rings ;   at  the  place  where  the  first  dark  ring   for  red  light  i» 
situated,  there  will  be  also  the  second  dark  ring  for  violet  light,  and 
one  light  ring  fur  u  colour  lying  uearly  in  the  middle  between  the 
red  and  the  violet;  this  colour  is  decidedly  predominant  at  this  spot 
Where  the  seventh  dark  ring  for  red  light  occurs,  there  will 
be  the  fourteenth   dark  ring  for  violet  liicht;  at  this  spot,  there 
will,  therefore^  still  be  six  dark  rings,  and  seven  bnght  rings  for 
the   intermediate   coloui's.     If,   therefore,    the   extreme   red,   the 
boundary   between   red  and  orange,  between  orange  and  yellow, 
yellow  and  green,  green  and  blue,   blue  and  indigo,  indigo  and 
violet,  and  the  extreme  violet  be  at  the  minimum,  the  intermediate 
rays  of  red,  orange,  yellow,  green,  blue,  indigo,  and  violet  will  be 
at  the  nmxiiimiii ;  no  one  of  these  colours  can,  therefore,  predo- 
minate, and  combined  they  will  yield  white. 

By  transmitted  light,  thin  plates  also  show  similar,  but  far 
fainter  colours,  which  arc  complementary  to  those  exhibited  br 
reflected  light. 

Polarisation  of  Litjht. — If  we  cut  from  a  transparent  crysta 
of  tourmaline  a  plate  whose  surface  ruus  parallel  to  the  principal 
axis,  and  if  we  look  through  it  towards  a  polished  plate  reflecting 
the  light  of  tlie  sky  towards  the  eye  at  an  angle  ttf  finnn  30" 
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to  40\  the  poliflLed  surface  will  appear  bright  or  dark,  according 
aa  wc  torn  the  section  of  the  tourmaline;  it  will  not,  therefore,  in 
every  position  suffer  the  transmission  of  the  rays  reflected  from 
the  plate.  The  pencil  of  light  must,  therefore,  by  its  reflexion 
from  the  polished  plate,  have  undergone  a  peculiar  modification, 
which  wc  designate  by  the  term  polarization. 


If  we  had,  under  similar  circum- 
stances, examined  the  rays  reflected  from 
the  glasa  plate  with  the  platt*  of  tourma- 
line, we  should  have  observed  the  same 
phenomenon,  consequently  rays  of  light 
are  polarized  by  reflexion  from  a  glass 
surface. 

The  tourmaline  plate  may  be  replaced 
by  a  glass  mirror. 

If  an  ordinary  ray  of  light  a  b  fall 
upon  a  plane  glass  plate  f  g  A  i  at  an 
angle  of  35"  25',  it,  for  the  most  part, 
becomes  reflected  in  the  direction  b  e, 
according  to  the  usual  laws.    The  ray  reflected  in  the  direction  b  e, 
is  now  polarized  by  this  reflection.     These   phenomena   can  be 
best  observed  when  the  mirror  f  g  h  i  is  blackened  on  the  reverse 
side,  for  besides  the    rays  polarized   by  reflection,  some  coming 
from  objects  under  the  miiTor  arc  also  transmitted  in  the  direc- 
tion b  c,  and  which  have  passed  through  it. 

If  the  ray  b  c,  polarized  by  reflection,  fall  upon  a  second  glass 
plate,  likewise  blackened  uj)on  the  reverse  side,  and  parallel  to 
the  under  one,  the  ray  b  c  will  also  make  an  angle  with  it  of 
35*',  and  the  plane  of  reflection  of  the  up])cr  mirror  coincide 
with  that  of  the  lower  one.  In  this  position  of  the  second  mirror, 
the  ray  6  c  is  reflected  like  every  ordinary  ray  of  light ;  if,  however, 
we  tiim  the  upper  mirror  in  such  a  manner  that  the  direction  of 
tbe  ray  b  c  forms  the  axis  of  rotation,  the  angle  made  by  the 
incident  ray  b  c  with  the  plane  of  the  mirror  will  remain  the  same, 
but  the  parallelism  of  the  two  mirrors  will  cease,  and  the  plane  of 
reflection  of  the  upper  mirror  no  longer  coincide  with  that 
of  the  lower.  If  now  we  turn  the  upper  mirror  from  its  position 
of  parallelism  with  respect  to  the  (jthcr  mirror,  the  intensity  of  the 
twice  reflected  rays  will  diminish  the  more  the  angle  which  is 
made  by  the  plane  of  reflection  of  the  upper  mirror  with  that 
of  the  lower  increases  until  it  becomes  90",  or  in  other  words. 
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until  the  planes  of  reflection  of  both  mirrors  are  at  ri^t  angle 
to  each  other.  In  this  position  the  ray  Ac  will  be  no  longer  reflected 
from  the  upper  mirror,  aa  would  be  the  case  if  A  c  were  an  ordinary 
ray  of  light.  By  the  continued  turning  of  the  upper  mirror,  the 
intensity  of  the  reflected  ray  gradually  increases,  until  it  agam 
attains  its  maximum  on  the  rotation  amounting  to  ISC*.  In 
this  position  the  planes  of  reflection  of  the  two  mirrors  will  again 
coincide.  If  we  turn  it  still  further,  the  ray  reflected  to  the 
upper  mirror  will  a^iii  become  fainter,  disappearing  entirely  when 
the  planes  of  reflection  of  both  mirrors .  again  cross  each  other, 
consequently  when  the  rotation  amounts  to  270*^  &c. 

An  arrangement  by  which  two  such  mirrors  can  be  used,  and 
by  which  the  above  described  experiments  may  be  made,  is  termed 
ft  polarizing  apparatus.  The  simplest  arrangement  that  can  be 
adopted,  is  the  following :  A  mirror  blackened  at  the  back  is 
so  fastened  to  one  end  of  a  metallic  or  wooden  tul>c,  that  it 
makes  an  angle  of  35*^  with  the  axis  of  the  tube,  when  all  the 
rays,  incident  on  the  mirror  at  an  angle  of  35",  are  so  reflected 
that  they  pass  through  the  tube  in  the  direction  of  this  axis. 
At  the  other  end  of  the  tube  there  is  a  ring,  whose  axis  corre- 
sponds with  that  of  the  tube,  and  which  therefore  admits  of 
being  turned  round  upon  a  plane,  at  'right  angles  to  this 
axis.  To  this  ring  is  fastened  a  second  mirror,  blackened  in 
like  manner  aa  the  other,  and  also  making  an  angle  of  35^'  with 
the  axis  of  the  tube.  By  turning  the  ring,  the  mirror  is  made  to 
revolve  with  it,  and  may  thus  be  brought  into  all  the  poeitiODs 
we  have  just  mentioned. 

Such  a  polarizing  apparatus  is,  however,  very  inconvenient ;  and 
that  delineated  in  Fig.  318,  and  represented  at  one  fourth  of  its 
natural  size,  is  far  better  in  every  respect.  Two  rods  are  inserted 
diametrically  opposite  to  each  other,  in  the  rim  of  a  stand,  which 
must  be  made  sufficiently  heavy  to  give  the  whole  the  stability 
necessary  to  support  the  apjiHratus ;  l)etwccn  these  rods  there  is  a 
frame  A  B,  enclosing  a  polished  glass  mirror.  This  ti'ame, 
together  with  the  mirror,  may  be  made  to  revolve  in  a  horizontal 
axis  by  means  of  a  pivot,  by  which  means  the  glass  may  be 
moved  at  will  in  any  |>08ition  about  the  direction  of  the  |HaT)en- 
dicular.  The  mirror  is  generally,  however,  placed  in  such  a  posi- 
tion that  its  plane  shall  make  an  angle  of  35'*  with  the  vertical. 
If,  in  this  position  of  the  mirror,  a  ray  of  light  a  h  falls  upon 
it  at  an  angle  of  35">,  it  passes  partially  through  the  glnss,  (but 
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no.  318. 


of  ihia  we  need  not  tiikc  any  account),  and  is  partially  reflected 

vertically  downwards  in  the  direction 
b  c.  This  reflected  ray  is  now  pola- 
rized, and  a  vertical  plane  passing 
through  the  lines  a  t  and  b  e,  is  its 
plane  of  polarisation. 

At  the  base  of  the  apparatus  there 
is  a  coounon  mirror,  blackened  be- 
neath, and  horizi)ntalIy  placed,  on 
whicli  the  polarized  rays  b  e  impinge 
rectangularly;  this  ray  is,  therefore, 
refl(x:ted  in  the  same  direction  in 
which  it  came,  and  passing  through 
^  the  polarizing  mirror  proceeds,  in  a 
,^  vertical  direction,  to  the  upper  part  of 
the  apparatus.  The  upper  extrcmitiea 
of  the  columns  (we  will  not  at  present 
treat  of  the  middle  part  of  the  appa- 
ratus) have  a  graduated  ring.  The 
zero  of  this  division  is  so  situated  that 
if  we  imagine  n  vertical  plane  drawn 
through  0  and  ISO**,  it  will  coincide 
with  the  plane  of  reflection  of  the 
lower  mirror,  and  consequently  with 
the  plane  of  polarization  of  the  rays 
polarized  by  it.  Within  this  graduated  ring,  there  is  another  that 
can  be  made  to  revolve,  and  on  which  arc  placed  two  columns, 
diametrically  opposite  to  each  other,  having  between  them  a 
mirror  of  black  glass,  or  a  mirror  blackened  on  the  back,  which 
is  fastened  in  the  same  maniirr  as  the  lower  polarizing  mirror ;  as 
the  lower  one  is  made  to  revolve  round  a  horizontal  axis,  the 
blackened  mirror  may  easily  be  so  placed  as  to  make  an  angle 
of  35^  25'  with  the  vertical. 

The  revolving  ring  on  which  the  columns  stand,  slopes  some- 
what at  the  edges,  while  in  the  centre  of  the  anterior  half  of  the 
ring,  an  index  is  drawn  upon  the  slope.  A  vertical  plane  passing 
through  this  index  to  the  middle  point  of  the  ring,  coincides  with 
the  plane  of  the  reflection  of  the  blackened  mirror.  If  we  turn 
the  ring  bearing  the  upper  mirror,  so  that  the  index  coincides 
with  the  0  of  the  graduated  lines,  the  planes  of  reflection  of  the 
upper  and  lower  mirror  will  coincide.     The  same  will  be  the  case 


Ml 


ii 


Mat 


rouiumAnoir  or  uobt. 


vfeBtfeia^HitaBdiitf  180^.  K  the  indsK  itend  at  90^,  ■»  m  oar 
Hium^  or  «t  270^,  the  pbne  of  trflrction  of  ibe  upper  mirror 
aright  flBf^  wkli  the  pfa&e  of  reflectioa  of  the  lower 


The  phouBcaa  of  oidiuMj  polarntioD,  wfaich  maj  be  obaerfed 
hf  thii  tffmatbmt  ave  as  Mows.  If  both  mirrors  lie  parallel  to 
■Hho^Bryi^thcnlbea^tha  Bides  of  the  ring  bearing  the  black  glan, 
^timd  at  C^,  the  sffHr  nirror  will  reflect  the  rays  impinging  upon 
itfnm  hdov,  aai  tibe  field  of  riainti  appear  corueqiMnitly  clear.  If 
w  tass  the  analfHBg  anrtor  (thia  U  the  commun  term  for  the 
«|ipcr  imiiim)  6«b  ita  poation,  the  inteositj  of  the  light  refltrcted 
hf  it  vdl  dHaiaaah  aaoee  aad  mote  natil  it  cotnea  at  last  to  0,  when 
the  index  w3  atmd  ait  9(F.   In  this  poaitioo,  therefore,  t  he  blackcm*d 

nya  impinging  upon  it  from  below,  and 
dark.  If  we  turn  it  still  further,  it  becomes 
the  index  atands  at  180"^  the  intensity 
«f  tfK  l^ht  ia  again  equal  to  what  was  observed  at  (T.     The  liglit, 
■gain  when  wv  turn  the  mirror  be^nd  180^, 
the  field  of  viaoa  baooMea  a  second  time  dark  when  the  index 

It  is  of  (ovae  endeat  that  during  this  rotation,  the  direction 
of  the  blackened  mirrar  Bnat  remain  unchanged  with  respect  to 
the  verticnL  Bat  in  aO  poatioaa,  the  upjicr  mirror  makes  an 
aDf^  of  85^  ^  with  the  verticaL  If  without  altering  anything 
dae  ia  the  appaiaiUBy  we  change  the  position  of  the  lower  mirror 
with  nsard  to  the  iBcideiit  imys,  if,  for  instance,  we  place  it  ao  as 
to  «ake  aa  angle  of  tB^  with  the  ^-ertical,  those  rays  will  reach 
tha  wplNr  ainur  of  the  apparatus  which  hare  made  an  angle  with 
Aa  hywcr  nimr.  If  we  repeat  the  &borc  experiment,  we  shall 
fiad  that  the  hght  reficctcd  from  the  upper  mirror  is  nerer 
^faille  null.  If  the  upper  mirror  be  so  placed  tbat  its  plane  of 
nfiection  croaa  that  of  the  kwer  one,  if,  therefore,  the  index  of  the 
kmtf  difiaioQ  stand  at  90^,  although  less  light  will  be  reflected 
in  this  pnaition  than  in  any  other,  stiU  some  portion  of  the  rays 
eonuog  from  bdow  will  be  reflected. 

We  may  cundude  from  this,  that  the  rays  reflected  from  the 
knrcr  mirr\ir  are  only  |uutiallT  polarixed  at  an  angle  of  25^.  The 
asore  the  angle,  which  the  rays  incident  upon  the  lower  glass  mirror 
make  with  its  plane,  de\-iates  from  35°  23',  the  more  imperfect  is 
the  polaniation.  The  angle  at  which  perfect  polarization  takes 
(via.  35**  35'  for  glass),  is  termed  the  angle  of  pularisatioa 
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Metallic  Burfaccft  have  not  the  property  of  polarizing  light  by 
reflection ;  we  cannot,  therefore,  u«e  mirrora  plated  on  the  back 
with  tin  and  quicknilver  for  experiments  iu  polarization. 

The  polarization  of  light  istxplainedaccordint^  to  the  undulatory 
theory,  on  the  hypotheiiiB  that  all  the  undidations  of  a  |>olarizcd  ray 
of  light  occur  in  one  and  the  same  plane,  wliilst  the  unduiationH  of 
an  ordinar)'  ray  of  light  take  place  in  every  possible  line  at  right 
angles  to  its  direction. 

Double  refraction, — If  we  place  a  rhombohcdron  of  Iceland  Bpar 
u[>on  »  piece  of  paper,  on  which  a  black  point  or  line  has  Iwen 
drawn,  mc  shall  see  this  point  or  line  double.  If  wc  form  a  prism 
of  this  Bpar,  we  aliall  see  a  dnuble  image  of  every  object  l(H)ked  at. 
This  experiment  proves  that  every  ray  of  light  impinging  on  a 
prism  of  Iceland  spar  is  divided  into  two  portions,  which  do  not 
obey  the  smne  laws  of  refraction,  and  that  this  spar  has  the 
projicrty  of  double  refraction. 

If  we  examine  through  a  plate  of  tourmaline  the  two  objects 
seen  by  means  of  the  Iceland  spar,  we  shall  find  that  both  rays  are 
polarized,  for  according  as  we  turn  the  plate  of  tourmaline,  one  or 
other  of  the  images  will  disappear;  the  plane  in  which  the  particles 
of  one  ray  vibrate  is  at  right  angles  to  the  plane  of  vibration  of 
that  of  the  other  ray- 
Iceland  spar  is  not  the  only  doubly  refracting  body ;  this 
pro|)erty  belongs  to  all  erystalliisable  substances  not  belonging  to 
regular  systems  of  crystallization. 

In  every  doubly  refracting  ci-ystal,  there  are  one  or  two  direc- 
tions in  which  double  refraction  does  not  take  place ;  these 
directions  are  termed  the  optical  axes. 

A  development  of  the  laws  of  double  refniction  would  lead  us 
beyond  our  limits.  If  we  lay  a  very  thin  plate  of  crystalliEed 
gypsum  upon  the  middle  circle  of  the  polarizing  apparatus,  seen 
in  Fig.  318,  it  will  appear  coloured,  changing  (other  circumstances 
remaining  the  same)  its  cohmr  with  the  thickness  of  the  plate. 

If  a  thin  plate  when  laid  between  mirrors  crosaing  each  other 
shows  a  definite  colour,  the  colour  complementary  to  it  will  appear 
when  these  mirrors  arc  parallel. 

These  phenomena  of  colour  arise  from  the  two  rays  into  which 
the  incident  light  is  separated  (for  crystals  of  gypsum  are  doubly 
refracting)  traversing  the  plate  with  equal  velocity  and  interfering 
after  reflection  from  the  upper  mirror. 

IMates  of  other  crystals  exhibit  similar  colours  whtsn  made  suffi* 
cicntly  thin. 
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If  wc  cut  a  plate  from  a  doubly  refracting  crystal,  whose  BOiface 
Uat  ri§;ht  angles  to  the  optical  axis,  it  will  show,  when  brought  intu 
the  polarizing  apparatus,  or  laid  between  the  plates  of  toormalioe, 
very  beautifully  coloured  rijips,  the  formation  of  which  may  be 
explained  in  the  same  way  as  the  colonra  of  the  plates  of  gypsom. 


CHAPTER   VI. 


CHEMICAL   ACTIONS    OF    LIOHT. 


Influence  of  light  on  chemical  combinations  and  on  detampotitiona. 

— At  an  ordinary  temperature,  chlorine  and  hydrogen  gases  do  not 
combine  with  each  other  in  the  dark ;  but  as  soon  as  we  give 
admittance  to  light,  the  combination  takea  place,  slowly  by  simple 
daylight,  but  is  accompanied  with  an  explosion  when  exposed  to 
direct  sunlight.  Chlorine  absorbed  by  water  has  the  power  of  gra- 
dually withdrawing  the  hydrogen  from  it  only  when  exposed  to  the 
action  of  light ;  phosphorus  kept  in  water  is  converted  when  ex- 
posed to  the  sun  into  the  red  oxide  of  phoaphoruB.  At  ordinary 
temperatures  concentrated  nitric  acid  is  partially  decomposed  by 
light  into  oxygen  and  uitrous  acid  ;  white  chloride  of  silver  becomeft 
first  coloured  Wolct  by  the  action  of  light,  and  subsequently  quite 
black,  and  a  portion  of  the  chlorine  escapes,  &c.  These  are  only  a 
few  of  the  most  striking  instances,  adduced  to  show  the  intlucnce  of 
light  upon  chemical  combinations  and  upon  decomposition,  and  all 
chemical  treatises  afford  numerous  examples  of  the  same  thing. 

The  influence  of  hght  upon  the  decomposition  of  organic  sub- 
stances is  very  remarkable ;  for  instance,  it  promotes  the  union  of 
the  oxygen  of  the  atmosphere  with  the  carbon  and  hydrogen  of 
organic  substances ;  hence  arises  the  fading  of  vegetable  colouring 
matter  in  light,  especially  in  sunlight ;  the  yellow  coloration  of  oil 
of  turpentine,  and  the  green  hue  of  yellow  giiaiacum  on  exposing 
to  light  a  piece  of  paper  dipped  in  a  spirituous  solution  of  thin 
gum  resin,  &c.  Light  is  absolutely  neceasary  to  the  vigorous 
growth  of  hving  plants,  their  perfect  development  being  impossible 
in  the  dark,  where  they  soon  acquire  a  sickly  appearance,  and  iheur 
leaves  and  blossoms  grow  pale.  Plants  reared  in  a  room,  always 
incline  towards  the  windows.     The  green  portions  of  plants  absorb 
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earbun  rcnmintng  oa  a  conntitiicnt  of  the  plants,  wliilst  the  oxygcu 
hi  again  pivcri  off  to  the  atmosphcri!.  This  decomposition  of  car- 
bouie  acid  ami  exhalation  of  oxygen  into  the  air  takes  place  only 
under  the  influence  of  lig;ht.  Wo  may  easily  oonvince  nuraelves 
of  this  fact  by  layinj^  a  frcah  green  twig  under  a  glasa  bell  tilled 
with  water  holding  in  solution  carbonic  acid  ;  in  the  light  nume> 
rous  gas  bubbles  develope  themselves  u|M>n  the  K^vch,  and  rise  in 
the  upper  part  of  the  glasa  bell ;  the  ga«  thus  collected  is  carbonic 
id  gas.  This  development  of  gas  doe»  not  take  place  in  the 
rk,  and  ceases  as  soou  as  all  free  carbonic  acid  is  removed  from 
the  water. 

Tlie  chemical  actions  of  the  blue  and  violet  rays  arc  generally 
much  stronger  than  those  of  the  red. 

Photuyraphy. — ^The  idea  ftrst  occurred  to  Wedgwood  to  avail 
himself  of  the  blackening  of  chloride  of  silver  to  lix  the  picturca 
of  the  Camera  Obscura,  and  Davy  obtained  the  images  of  small 
objects  on  chloride  of  silver  paper  by  means  of  a  solar  microscope; 
bnt  these  were  soon  effaced  by  the  continuous  action  of  light  upon 
the  chloride  of  silver.  Niepce  advanced  the  ait  of  fixing  these 
photographic  images;  but  it  remained  for  Daguerre  to  discover, 
after  many  careful  and  laborious  attempts^  a  method  by  which 
almost  incredible  results  are  attained. 

The  substance  on  which  Dag\teTT^$  photographic  images  are 
represented,  is  a  cojiper  plate  thinly  covered  with  silver.  After 
being  sufficiently  purified,  this  plate  is  laid  over  a  square  porcelain 
dish,  filled  with  an  aqueous  solution  of  chloride  of  iodine^  and 
exposed  to  the  vapour  of  the  iodine^  until  a  goldish  yellow,  or 
a  violet  layer  of  iodide  of  silver  is  fonued  upon  the  surface.  The 
plate  is  now  put  into  the  Camera  Obscura,  being  carcftiUy  kept 
from  the  light  during  its  n*moval,  exactly  at  the  place  where  a 
well  defined  image  of  the  object  to  be  delineated  appears.  After  a 
certain  time,  the  duration  of  which  dejiends  upon  various  circum- 
actances,  the  plate  is  removed  from  the  Camera  Obscura,  There  is  now 
no  trace  of  an  image  to  be  perceived,  this  ap})eanng  only  on  bring- 
ing the  plate  over  a  metjillic  plate  somewhat  warmed,  and  covered 
with  a  thin  layer  of  mercury.  As  soon  as  the  image  is  sufficiently 
well  detined,  the  plate  is  placed  in  a  solution  of  hypo-sulphate  of 
8oda,  or  in  default  of  this,  in  a  boiling  solution  of  chloride  of 
sodium,  by  which  the  coating  of  iodide  of  silver  is  dissolved,  and 
nil  further  action  of  light  prevented. 

Light  acts  on  those  parts  of  the  iodised   pliitc  on  which   the 
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light  portions  of  the  picture  in  the  Camera  Oh$eura  have  fallen 
before  the  action  becomes  apparent  to  the  eye ;  thus  the  portions 
of  the  plate  which  are  moat  expoeed  to  lipht  have  acquired  the 
property  of  condensing  the  vajiour  of  mercurj* :  here,  therefore,  the 
mercury  is  precipitated  in  infinitely  minute  globules,  whilst  no 
such  precipitate  occura  where  the  light  has  not  acted.  After  the 
unchanged  iodide  of  silver  has  been  entirely  washed  away  from 
the  last  named  parts,  wc  have  a  tine  coating  of  the  precipitate  on 
the  light  portions,  while,  where  the  light  does  not  act,  the  shining 
silvered  surface  appears  ;  and  if  we  hold  the  plate  in  such  a 
manner  that  the  mirror  reflects  to  the  eye  the  ray  coming  from 
dark  objects,  this  silvered  surface  forms  the  dark  back-gTrmnd» 
on  which  the  light  parts  are  produced  by  the  light  scattered  in  all 
directions  from  the  globules  of  mercury. 

If  we  leave  the  plate  too  long  in  the  Camera  Obscura,  the  actios 
of  the  light  becomes  apparent  upon  the  iodized  plate,  whilst  the 
iodide  of  sdvcr  is  blackened  in  those  parta  where  the  light  acts 
most  strongly ;  the  picture  thus  produced  is  a  negatwe  picture, 
that  is  to  say,  the  light  parts  of  the  object  correspond  to  the  dark 
portions  of  the  image^  and  vice-versd*  If  we  leave  the  plate  in  the 
Camera  Obscura  until  the  action  of  light  is  visible  upon  it,  it  is 
then  too  late  to  procure  a  Daguerrotype  photographic  picture. 

These  pictures  can  never  represent  the  relations  between  lights 
and  shadows  with  perfect  accuracy,  owing  to  the  different  action 
of  the  various  colours  upon  the  iodized  plate ;  green  rays  scarcely 
produce  any  action,  on  which  account  trees  alwa\*s  appear  very 
dark;  red  rays  likewise  act  ver)*  slightly.  Owing  to  this  circmn- 
stance,  the  Daguerrotype  portraits  do  not  produce  correct  like- 
nesses of  the  originals. 

Talbot  has  pursued  a  totally  different  method  in  procuring  his 
photographic  pictures.  He  makes  use  of  a  paper  which  is  rendered 
peculiarly  susceptible  to  light  by  a  process  which  we  cannot  fur- 
ther describe,  and  which  is  termed  Cabtype  paper.  A  ncg:ativc 
picture  is  formed  upon  this  paper  in  the  Camera  Obscura,  and 
fixed  by  means  of  bromide  of  potassium. 

This  negative  picture  is  then  laid,  together  with  a  piece  of  simi- 
larly prepared  paper,  between  two  glass  plates ;  the  dark  portioDA 
of  the  picture  keep  from  the  second  paper  the  light  which  act* 
through  the  light  parts,  and  thus  a  |>ositive  picture  is  formed 
npon  the  second  paper.  Several  positive  copies  may  be  taken 
from  one  and  the  same  negative  picture. 
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SECTION  VI 


MAGNETISM  AND  ELECTBIC'ITY 


PART  I. 


MAGNETISM. 


CHAPTER   I. 


MUTUAL   ACTION    OF    MAGNETS    ON    EACH    OTHER,    ANU    ON 

MAGNETIC    BODIES. 

We  find  in  the  !x>wflsof  the  earth  certain  iron  ores  which  posacss 
the  property  uf  attracting  iron ;  these  are  teruicd  natural  maynttM; 
The  same  property  can  be  imparted  temporarily  to  irouj  and  per- 
manently to  8tee],  and  m^nets  formed  of  this  substance,  which 
arc  termed  artiticial  magnets,  are  best  adapted  to  the  inves- 
tigation of  the  laws  of  magnetism  from  the  facility  with  which  a 
■nitablc  form  can  be  applied  to  them.  iVrtlficial  magnets  arc 
generally  made  in  the  sliapc  of  rods,  nccdJi^a,  or  horse-shoes. 

Mat/netic  poles* — If  we  dip  a  magnetic  I'od  into  iron  filings,  wc 
aball  see  on  removing  it,  that  the  filingH  will  not  be  equally 
suspended  to  all  parts  of  the  rod,  they  will  fall  oif  immediately  from 
the  middle,  where  the  magnetic  rod  does  not  appear  to  exert  any 
influence;  from  the  middle  towards  the  extremities  or  poles^  how- 
ever, this  power  of  attraction  increases  as  may  be  seen  in  Fig.  319. 

One  would  be  led  at 
first  sight  to  suppose  that 
if  a  magnet  were  sepa- 
rated along  its  neutral  line 
(by  a  magnetised  steel 
wire,  for  instauei-,  witli  uliicli  t)u-  expniinent  may  be  easily  made) 
neither  of  the.  divided  portions  would  be  true  magnetiit,  and  that 
each  would  attract  at  one  extremity  only  ;  experiment  ])i*oves  the 
reverse  however,  each  part  being  a  perfect  magnet  having  its  neutral 
hne  and  two  poles. 

X  1 
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Vfc  term  tlic  poles  a  and  b 
poles,  because  they  act  io 
ways   upon    the    same  |>ole 


r^pe/  emek  other,  eontrary  poleM  attract  each  other.— 
Fig.  320  rrpreaeaU  a  magnet  lying  in  a  casing  of  paper  or  metal, 
^^^  2^  and  susjiended  in  a  horizontal  posi- 

tion. If  wc  bring  one  pole  of  a 
magnet  near  either  of  the  two  poles 
a  and  b  of  another  magnet,  the  pole  a 
will  ht  attracted  while  b  will  be 
repelled. 
opposite 
different 

if  brought  near  them.  If  now  we 
the  magnet  which  we  hold  in  our  hand,  in  order  to  bring  ittf 
Of^MNQte  pok  to  the  sospcnded  magnet,  the  reverse  will  take  place, 
«  will  be  repelled  and  b  attracted.  The  two  poles  of  the  ma^et 
in  the  hand  arc,  therefore,  also  of  different  natures,  and  nre  conse- 
quently opfiosite.  In  a  similar  manner  we  may  show  that  the  two 
poles  of  every  magnet  are  opposite. 

If  we  bring  two  different  magnets  to  the  suspended  magnet,  it 
will  be  easy  to  find  which  of  the  two  attracts  the  pole  a  of  tbe 
suspended  magnet,  and  repels  b.  If  we  designate  this  pole  of  the 
first  magnet  as  n,  and  the  [K)le  of  the  second  magnet  acting  simi- 
larly as  n',  n  and  n*  will  be  the  similar  poles  of  these  two  magnets. 
If  the  second  pole  of  the  first  magnet  be  m,  and  that  of  the  other 
w',  the  pole  m  as  well  as  m'  wiU  repel  the  jwle  a  of  the  siuspended 
magnet,  and  attract  the  pole  b.  The  two  poles  n  and  m'  are 
likewise  similar. 

If  now  we  suspend  the  magnet  whose  poles  are  designated  ni 
and  ct',  in  such  a  manner  as  to  admit  of  its  turning  readily  in  i 
horizontal  plane,  and  bring  the  other  near  it,  we  shall  find  that  the 
poles  m  and  m'  will  repel  each  other,  as  will  also  the  poles  n  and  n' ; 
similar  poles  consequently  repel  each  other.  While  the  poles  m  and 
n'  and  n  and  m'  being  dissimilar  poles,  attract  each  other. 

There  arc,  therefore,  in  the  two  halves  into  which  a  magnet  is 
divided  by  the  neutral  line,  two  forces,  which,  although  appearing 
at  first  sight  to  be  of  similar  nature,  fWmi  their  acting  similarly 
upon  iron  are  actually  two  opjwsite  forces.  The  neutral  line  is, 
consequently,  the  boundary  between  two  opposite  forces,  forming 
the  transition  from  one  to  the  other,  and  herein  lies  the  reason  of 
their  neutral  character. 

Prom  reasons  which  we  shall  presently  better  undcrstandi 
one  pole  of  the  magnet  is  termed  the  south  pale,  and  the  other 
the  north  pole. 
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influence  of  a  itiagneiy  iron  itself  becomes  magnetic. — la 
show  this  property  of  iron  we  must  make  the  experiment 
itcd  in  Fig.  321.  Let  an  iron  cylinder  /  be  supported  by 
iaet  a  b;  if  we  bring  iron  filings  to  the  lower  part  of  this 
pr,  they  will  continue  suspended  to  it  in  the  form  of  a  little 
m.  321.  '^^^  hangring  ixa  long  as  the  little  cylinder  con- 
1^  rt      tinues  to  adhere  to  the  magnet ;  but  as  soon  iia 

^  - \^  '  the  cylinder  is  removedj  the  iron  filings  will  fall 
I        ll    "^  ^^*  ^"^  "^  further  attractive  force  be  perceived, 

I  "  We  cannot  ascribe  this  phenomenon  U)  the  force 
|neta  acting  at  a  distance,  for  if  the  small  cylinder  were  not 
\  we  should  not  obscr\'e  the  phenomenon  ;  of  this  we  shall 
Ll  better  convinced  by  observing,  1.  that  the  threads  of  iron 

diminish  gradually  from  the  extremity  of  the  cylinder;  2. 
bere  is  a  point  towards  the  upper  end  where  the  filings  do  not 
5,  consequently,  that  the  small  cylinder  has  a  neutral  niaguetic 
(8.  that  the  fiHngs  adhere  again  above  this  point,  but  that 
bave  an  opposite  direction.  The  little  cylinder  is  thcre- 
preal  magnet,  attracting  iron  filings,  having  two  poles  and  a 

II  magnetic  line;  the  latter,  however,  does  not  coincide  with 
lOmetricat  mitldle. 

W&d  of  bringing  iron  filings  to  the  suspended  cylinder,  we 
ftfctach  to  it  another  cylinder  (as  in  Fig.  322)  which  will 
also  be  supported,  to  this  a  third,  fourth, 
and  so  on ;  in  this  way  a  chain  may  be  formed 
of  which  the  magnet  is  the  first  link.  If  we 
remove  this  link,  the  whole  chain  will  fall  apart, 
there   being   no    power    to    hold    together   the 

metic  fluids, — To  explain  the  various  phenomena  of  magne- 
re  assume  that  there  are  two  different  magnetic  fluids,  distri- 
in  the  magnet  in  a  manner  which  we  must  consider  more 
larly  ;  the  particles  of  each  of  these  fluids  repel  each  other, 
ict  those  of  the  other  fluid.  The  magnetic  fluids  are  present 
d  quantities  in  evei*y  molecule  of  iron  and  steel  j  but  they 
\  pass  from  a  magnet  to  a  piece  of  iron,  or  from  one  molecule 
bther,  the  magnetic  condition  depends  only  upon  the 
fer  in  which  the  magnetic  fluids  arc  distributed  in  every 
dual  molecule. 

must  suppose  a  magnet,  or  a  magnetised  iron  rod  (as  seen 
323)  to  be  composed  of  small  particles,  each  of  which 
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contains  both  Huidfl,  nlthough  in  a  state  of  Si-paraljoa ;  tht  maj;- 

netic  fluids  being  distributed  in  each  particle  in  eucb  a  manner 

,^-  tbut  thf  itimikr  Huid  is  turned 

»io.  323.  ,     ,  ,    -      ,1 

towards  tno  same  side  in  all 

the  particles.  There  is,  there- 
fore,  only  one  Huid  present 
at  the  left  extremity  of  the 
magnet  represented  in  Fig.  323,  whHe  the  right  extremity  is  solely 
occupied  by  the  other ;  the  polarity  of  the  magnet  is  thus 
explained.  We  can  easily  understand  from  this  explanation  that  i 
magnet  may  be  broken  into  two  parts,  and  each  separate  portion 
remain  a  perfect  magnet. 

If,  therefore,  a  piece  of  iron  be  magnetised  by  the  iutluence 
of  a  magnet,  no  magnetic  fluid  will  pass  from  the  magnet  to  the 
iron,  but  the  approximation  of  the  magnet  will  simply  occasion  a 
distribution  through  the  iron  of  the  magnetic  fluids  which  have 
not  hitherto  been  separated  in  each  molecule,  and  directed  towards 
a  deflnitc  side,  but  diatributed  quite  uniformly  over  the  whole^ 

Iron  only  retains  its  magnetic  properties  so  long  as  the  con- 
tiguity of  a  magnet  keeps  the  magnetic  fluids  separated;  on  the 
removal  of  the  magnet  the  separated  fluids  again  combine,  and  the 
iron  returns  to  its  natural  condition. 

A  horizontal  magnet  a  b  supports  at  one  end  an  iron  mass/,  the 
weight  of  which  is  nearly  as  great  as  the  magnet  is 
capable  of  supporting.  We  now  bring  another 
magnet  a*  b'  over  a  A  in  such  a  maimer  that  the 
contrary  poles  a  and  b'  are  turned  towards  each 
other.  If  we  bring  the  second  magnet  gradually 
nearer,  in  the  manner  specified,  the  piece  of  iron/ 
will  fall  off,  Tlie  two  magnets  combined  cannot 
therefore  support  as  much  as  each  one  separately.  We  may  easily 
uiuleratand  the  cause  of  this ;  for  the  second  magnet  disturbs  the 
actions  of  the  tirst,  whilst  it  decomposes  the  fluids  of  the  mass  of 
iron  /  in  an  opposite  sense. 

Steel  resists  the  magnetising  influence  of  a  magnet  much  better 
than  iron,  that  is  to  say,  a  piece  of  steel,  if  it  be  tolerably  large,  is 
not  magnetised  so  strongly  or  immediately  by  contact  with  a 
magnet  as  is  a  piece  of  iron ;  and  in  order  perfectly  to  mag- 
netise  a  rod  of  steel,  it  is  necessary  that  it  should  be  for  a 
longer  period  in  contact  with  the  magnet,  or  that  the  latter  should 
be  drawn  repeatedly  over  it  in  the  proper  manner ;  when,  bow- 
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rtcel  is  once  magnetised,  it  does  not  lose  this  property  very 
ea&ily,  but  retains  the  magnetic  character  even  after  the  magnet  has 
been  removed ;  we  may  consequently  form  permanent  magnets  of 
vtcel,  but  not  of  iron. 

Perfectly  hardened  steel  admits  least  easily  of  being  magnetised ; 
but  when  once  it  has  acquired  the  magnetic  property,  it  does  not 
readily  lose  it.  When  tempered  steel  loses  its  hardness  by  being 
annealed,  it  aHsimilates  more  nearly  to  soft  iron  in  its  relation  to 
inagnetiiim.  Red  hot  iron  is  not  attracted  by  a  magnet,  and  a 
steel  magnet  entirely  loses  its  magnetic  properties  on  being 
heated. 

Besides  iron^  nickel  and  cobalt  may  also  become  magnetic. 
Magnetic  armaiurvji. — A  magnet  may  gradually  lose  its  force, 
owing  to  various  causes.  To  prevent  this,  the  so  called  armatures 
are  made  use  oft  this  term  is  applied  to  pieces  of  soft  iron,  brought 
into  contact  with  the  magnet  in  order  to  preserve  its  power  by 
means  of  the  magnetic  decomposition  going  on  in  the  sofl  iron. 
The  following  method  for  thus  arming  magnetic  bars  is  the  best, 
and  will  be  seen  exemplified  in  Fig.  325.  Two  like  magnetic  bars 
are  laid  parallel  to  each  other  in  surh  a  manner  that 
the  north  pole  of  the  one  is  directed  to  the  same  side 
as  the  south  ])ole  of  the  other,  to  these  are  attached  two 
pieces  of  soft  iron  a  b  and  c  dm  order  to  complete  the 
parallelogram.  Each  of  these  pieces  of  iron  naturally 
becomes  a  magnet  of  itself,  reacting  in  such  a  mamier 
upon  the  magnetic  rods  N  8  and  iV'  S',  that  the 
separated  fluids  are  fixed  at  the  corresponding  extre- 
mities. 

Magnetic  needles  and  bars  lying  irj  the  direction  of  terrestial 

magnetism  may  be  considered  as  in  some  degree  armed  by  the  earth. 

A    magnetic    battery   is   a   combination   of  several   individual 

magnets.      Fig.   826,   represents  one  constructed  according  to 

riG.  320. 
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Coulmnb's  plan.     It  consists  of  12  separate  magnetic  bars,  forming 
3  layers  each^  composed  of  4-  bars.     The  bars  of  the  middle  layer 
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arc  about  2,  5,  or  3  inches  ahwitr  than  tho«c  of 
the  other  layers,  and  project  about  15  to  18 
lines  at  cither  side.  All  the  bars  arc  of  exactly 
the  same  dimuutfions,  aud  are  fastened  into  piece* 
of  iron  /  serving  as  armatures.  The  brass  bands 
cd  serve  to  hold  the  rods  and  aruiaturea  together. 
Such  large  magnetic  bundle-s  remain  burixoutaUy 
fixed^  when  made  use  of  for  the  purpose  of 
magnetising.  The  sniallcr  ones  employed  for 
friction  arc  constructed  on  similar  princi- 
ples. 

Fig.  327  represents  a  borse-shtw  magnet.  It  consists  of  severtl 
horse-shoe  ahajK'd  curved  plates  of  steel,  lying  imnu^iatcly  on  oue 
another,  and  held  together  by  two  screws  a  and  a,  made  of  iron  or 
brass.  Encli  plutc  is  separately  niat^netised,  l>cfore  it  is  used 
for  constructing  the  apparatus.  A  ring  n  n*  serves  to  suspend 
the  magnets,  aud  a  piece  of  soft  iron  p  p',  the  anchor ^  forms  the 
armature.  Good  horse-shoe  magnets  arc  capable  of  sustaining 
fn>m  10  to  20  times  their  own  weight. 

The  armature  of  natural  magnets  is  represented  in  Figs.  328 
and  329.     The  parts  /  and  /'  arc  the  wings  of  tlie  armature,  aud 

p  p'  the  feet.  The  wings  arc 
made  ncai'ly  as  broad  as  the 
magnet,  and  about  one  line  in 
thickness.  The  dimensions  of 
the  feet  depend  upon  the 
strength  of  the  magnets. 

A  remarkable  phenomenon 
i.s  observed  in  natural  lus  well 
as  artiticiid  niaguets,  which  has 
not  as  yet  been  satittfacturily 
explained,  we  mean  the  weaken- 
ing which  occurs  on  overloading. 
Let  UH  assume  that  a  nugnct 
can  bear  20  kilogrammes.  If 
now  we  daily  add  a  small  weight,  we  increase  its  power  of  bearing 
until  the  load  amount  to  30  or  40  kilogrammes ;  as  soon,  however, 
aa  thir  lifter  is  severed  by  the  application  of  too  large  a  weight,  the 
Htrtingth  of  the  ntagnct  diminishes  considerably,  scarcely,  at  last, 
supporting  more  than  20  kilogrammes,  the  weight  from  whicli  wc 
»turted.     But  if  wc  attach   a   smidler  weight,  iucreusinc  it  wilb 
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CHutioD,    we   shall    find   that    after    some    time   the   magnet   has 
recovered  it*  former  strength. 

Magnetiznlion  of  steel  needleg  imti  bars. — The  so-called  methcnl 
by  separated  touchy  is  managed  by  placing  two  strong  bundles  of 
magnets,  sec  Pig.  326,  in  snch  a  manner  that  the  axis  of  the  one 
cuinculcs  with  the  line  of  prolongation  of  the  axis  of  the  other,  and 
that  the  opposite  poles  are  inclined  towards  each  other,  as  seen  in 
Fig.  380,  where  /  represents  the  one  pole  of  one  bundle,  and  f 

the  opposite  p^ile  of  the 
other.  The  needle  to 
be  rnagnetiBcd  is  now 
laid  upon  a  piece  of 
wood  /,  to  which  it 
may  be  secured  to  pre- 
vent ita  being  displaced.  We  now  take  the  two  totiching  magnets 
g  and  g*,  each  in  one  hand,  and  holding  theiu  at  an  inclination  of 
alkout  25  or  30  degrees  towards  the  horizon,  place  them  in  the 
middle  of  the  rod  to  be  magnetised,  moving  them  gently  and 
regularly  in  such  a  manner  that  g  g'  simultaneously  reach  the 
opposite  extremities  of  the  needle,  and  this  process  is  repeated 
several  times.  It  will  of  course  be  undcrsto(Kl  that  the  touching 
magnet  must  touch  the  needle  with  the  same  pole  towards  which  wc 
direct  it.  This  method  is  especially  well  adapted  to  magnetise 
regularly  and  perfectly  such  magnets  as  are  used  for  compasses,  or 
•tcci  bars  which  are  not  more  than  4  or  5  millimetres  in 
thickness. 

Tfkc  doithle  touch  is  appbcd  to  prepare  steel  bars  which  exceed  4 
or  6  millimetres  in  thickness ;  in  which  case,  the  method  above 
described  is  inadequate  to  the  puqjose.     Tlie  double  touch  is  thus 

managed.  The  bar  to 
be  magnetised  is  laid 
between  two  bundles  of 
magnets,  which  are 
placed  over  its  centre 
as  described  \n  the  former  method,  the  magnets  nnist,  however, 
be  less  inclined,  forming  only  an  angle  of  from  15  to  20  degrees 
with  the  horizon.  Besides  this,  the  frictions  arc  not  made  towards 
opposite  poles,  but  both  magnets  are  moved  towards  one  extre- 
mity of  the  rod,  and  then  back  the  whole 
magnets  have  been  moved  together  sufficiently 
raised   from  the  muldlc  of   the   rod.     In   oi 
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process  more  conveniently,  we  may  fasten  the  two  rabbiug 
magnets  to  a  kind  of  triangle  of  wood  or  brass ;  there  miist» 
however,  at  al!  events,  be  a  space  of  about  5  or  6  millimetres 
between  the  lower  parts  of  the  magnets ;  this  is  best  effected  by 
the  insertion  of  a  bit  of  wood,  brass,  or  lead,  as  represented  in  our 
Fig.  at  /. 

The  double  touch  communicates  a  very  strong  degree  of  magtie* 
tism,  but  it  cannot  be  safely  applied  to  magnetise  needles  for 
CompaascH,  or  bars  intended  for  nice  ex[>erimcnt9,  since  it  almost 
always  gives  {>oles  of  unequal  strengtbj  thus  occasioning  sucoesaive 
stoppages. 
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CHAPTER    II. 

OP   THE   MAONBTIC   ACTIONS   OP   THE    EARTH. 

Direction  of  pwfptetSj  declituition,  inclination. — A  magnetic  rod 
horizontally  suspended  by  a  silk  thready  or  a  ma^metic  needle 
revolving  easily  upon  a  jwint  in  an  horizontal  plane  (this  needle  is 
generally  made  in  the  form  of  a  rhomboid,   as  seen   in  Pig.  332, 

and  has  in  its  centre  an  agate  cap, 
which  reposes  upon  the  steel  point 
fanning  the  pivot)  is  not  in  equili- 
brium in  all  positions,  but  takes  a 
definite  position,  directed  towards  one 
definite  point  of  the  horizon.  It  will 
always  return  to  this  position  after  a 
series  of  oscillations  if  removed  from 
it.  The  force  nrging  the  needle  back 
to  this  iK)sition  is  magnetic ;  since  no 
phenomenon  of  the  kind  is  exhibited 
m  the  case  of  an  unmagnetised 
needle.  Tliis  remarkable  property  of 
magnetism  is  obsened  everywhere; 
in  all  parts  of  the  world,  on  all  seas,  on  the  loftiest  summits  of 
mouutaiuH,  as  in  the  deepest  mines,  the  magnetic  needle  assumes 
a  definite  direction,  to  which  it  will  invariably  return  if  removed 
from  it.  There  must,  conaeqnrntiy,  be  a  magnrtic  force  which 
acU  ut   all  points  of  the  earth's  surface,  for  magnetic  needles 
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call  no  uiore  take  up  a  dirt!Ction  of  themselves  than  a  body  can  set 
itself  into  motion  ;  in  both  cas&s  the  influence  of  some  foreign  force 
is  required.  We  may  prove  by  means  of  a  simple  experiment,  thut 
this  directing  force  acts  as  a  magnet,  and  not  ns  a  niaas  of  iron. 
If  we  entirely  invert  the  poles  of  a  magnetic  needle,  they  will  not 
in  equilibrium  in  their  new  position,  but  -wiW  each  describe 
complete  Kcmieircle  in  order  to  return  to  the  state  of  equilibrium, 
and  reassume  their  original  direction.  The  directing  force  conscs* 
quently  distinguishes  the  two  poles,  attracting  the  one,  and 
repelling  the  other  like  a  magnet,  whdst  iron  will  equally  attract 
the  poles  of  a  magnet. 

When  we  combine  all  the  different  observations  that  have  been 
made  in  difFerent  places,  we  arc  in  truth  led  to  regard  the  earth 
as  one  great  magnet,  whose  neutral  line  is  situated  in  the  region 
of  the  equator.  Hence  we  have  a  means  offered  us  of  giving 
fitting  terms  to  the  two  poles  of  a  nmgnct. 

The  two  poles  of  the  great  terrestrial  magnet  lie  in  the  vicinity 
of  the  polea  of  the  earth's  axis,  on  which  account  we  name  the  one 
the  magnetic  north  poh,  and  the  other  the  magnetic  south  pole. 
These  contrary  poles  attract  each  other  however,  and  thus  a  mag- 
netic needle  will  turn  its  south  pole  to  the  north,  and  its  north 
pole  to  the  south. 

This  designation  is  not,  however,  universally  received,  since 
some  designate  the  poles  of  a  magnetic  needle  in  a  totally 
opposite  manner,  giviug  the  name  of  north  pole  to  that  pole 
which  turns  towards  the  north. 

If  we  su8|>end  two  magnetic  needles  at  the  same  place  at  such  a 
distance  that  they  exert  no  influence  on  each  other,  each  will 
aiisume  a  direction  parallel  with  that  of  the  other.  This  paraU 
lellism  does  not,  however,  prevail  for  places  separated  by  the 
distance  of  several  degrees  of  latitude  or  longitude  from  each 
other.  It  is  of  the  greatest  imi>ortance  to  be  able  to  determine 
the  direction  of  magnetic  needles,  that  is,  to  compare  them  with 
lines  of  unvarymg  position  in  order  to  ascertain  the  variations 
occurring  in  the  course  of  time  at  one  and  the  same  place  in  the 
direction  of  the  magnetic  needle,  and  the  relations  existing  between 
the  direction  of  magnetic  needles  at  different  places. 

ne  magnetic  meridian  is  the  vertical  plane,  we  may  suppose, 
passing  through  the  line  of  direction  of  a  horizontal  magnet,  or 
simply  the  section  of  this  phine  with  the  earth's  surface.    The  mag- 
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Dctic  meridian  of  a  place  makes  with  the  astronomical  meridian  «n 
angle,  termed  the  declination  or  deviation.  The  declination  is  eatt  or 
west,  according;  as  th*^  magnetic  needle  deviates  towards  one  cr  the 
other  side  of  the  astronomical  meridian.  In  Fig.  S33,  for  instance, 
s  n  represents  the  meridian  of  a  place^  and  a  b  the  direction  of  the 
horizontal  magnetic  needle  at  the  same  place.  The  weatem  dccli- 
nntiou  amounted  to  18"  37'  30,55"  at  Gottingen  in  January  1837. 
Wc  shall  presently  see  that  the  declination  varies  with  the  time 
There  arc  places  on  the  earth  where  the  direction  of  the  magnetic 
n(«dle  exactly  coincides  with  the  meridian.  At  these  places  the 
declination  is  of  course  null,  or  at  0. 

Every  apparatus  serving  to  measure  declination  is  termed  a 
declinutiitn  compass. 

Fig.   334  represents  a  compass  of  simple  construction.    Tbe 
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|)oint  to  which  the  needle  is  suspended  is  the  centre  of  a  graduated 
horiKontal  circle,  which  may  revolve  about  a  vertical  axis  in  its 
own  plane.  To  the  side  of  the  box  a  telescope  la  attached,  M'hnse  axis 
runs  parallel  with  the  line  which  wc  may  suppose  drawn  from  0  on 
the  graduated  circle  through  its  central  point  to  the  line  marked  ISC^ 
On  revolving  the  horizontal  circle  in  its  plane,  the  extremity  of  the 
magnetic  needle  points  towards  other  lines  of  the  circle.  If  wtt 
place  the  a{)paratuH  in  such  a  manner  as  to  let  the  needle  point 
0  of  the  scale,  the  axis  of  the  telescojM;  will  be  parallel  with  th 
needle,  coinciding  with  the  magnetic  meridian ;  but  in  every  other 
|>0!tition  the  needle  will  pttint  to  that  nunil)er  of  the  circle  mark 
ing  the  number  of  degrees  of  wliich  the  angle  consists  which  the 
direction  of  the  needle  makes  with  the  axia  of  the  telescope; 
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if,  therefore,  we  bring  the  telescope  exactly  into  the  astronomical 
meridian,  wc  shall  see  on  the  graduated  circle  the  angle  made  by 
the  magnetic  with  the  astronomical  meridian. 

This  instrument  serves  especially  for  the  measurement  of  angles, 
since  we  can  at  all  times  make  use  of  it  to  determine  the  angle 
which  the  optical  axis  of  the  telescope  (or  rather  its  horizontal 
position)  makes  with  the  magnetic  meridian. 

The  declination  compass  generally  used  at  sea,  is  known  by  the 
name  of  the  Mariner's  Compass. 

On  the  whole,  the  direction  of  the  magnetic  needle  inclines  more 
to  the  north  and  south  than  to  the  east  and  west,  hence  it  ia  usual 
to  say  that  the  magnetic  needle  ]K>ints  to  the  north. 

The  magnetic  needles  we  have  been  considering,  are  suspended 
in  such  a  manner  as  only  to  revolve  in  a  horiEontal  plane^  that  is^ 
about  a  vertical  axis.  In  the  mode  of  suspension  rcprt^scnted 
in  Fig.  320,  and  also  in  Fig.  332,  the  horizontal  position  is 
maintained  by  the  centre  of  gravity  of  the  needle  being  below  the 
point  of  suspension.  As  soon,  however,  as  we  suspend  a  magnetic 
needle  in  its  centre  of  gravity,  it  will  not  remain  equi-poised,  but 
will  make  with  the  horizon  an  angle,  which  is  termed  the 
inciinalion. 

The  apparatus  represented  in  Fig.  335,  is  well  adapted  to  show 
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tlie  inclination  of  the  magnetic  needle.     In  a  brass  frame,  sus- 
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f>endcd  by  a  thread,  there  is  a  horizontal  axis  a  fr.  whi«4i  iwiftt 
very  readily,  passing  through  the  centre  of  gravity  of  the  macrnrtic 
needle.  We  see  that  a  magnetic  needle  thus  sU8]>rnded,  can 
easily  move  round  a  vertical  or  a  horizontal  axis,  and,  thcrcf»)re, 
that  it  can  freely  follow  the  directing  influence  of  the  earth.  The 
needle  places  itself  in  such  a  poaitioUj  that  its  line  of  dirccUon 
coincides  with  the  magnetic  meridian ;  hut  the  extremity  of  the 
needle  turned  towards  the  north  dips ;  consequently  the  line  of 
direction  of  the  needle  makes  an  angle  with  the  horiron,  which  in 
our  part  of  the  world  amounts  to  about  70". 

If  the  needle  of  inclination  be  applied  to  a  graduated  vertical 
circle,  whose  planes  coincide  with  the  plane  of  rotation  of  tht 
needle,  as  seen  in  Fig.  336,  we  may  ascertain  the  amount  of 
inclination  on  this  circle,  by  making  the  plane  of  the  vertical 
circle  coincide  exactly  with  the  magnetic  meridian. 

An  apparatus  serving  to  measure  the  amount  ()f  inclination,  is 
termed  a  dipping  needle,  or  a  compass  of  inclination. 

The  inclination  generally  increases  as  wc  approach  nearer  to  the 
north;  in  many  places  the  dipping  needle  assumes  an  almost 
vertical  position ;  thus,  for  instance,  in  the  year  1773  Captain 
Phipps  observed  at  79"  44'  north  latitude  an  inclination  of  82**  9*, 
and  Parry  an  inclination  of  88'*  43'  in  latitude  70"  47'.  CapUiu 
Ross  has  at  last  reached  the  magnetic  north  pole  of  the  earth.  At 
70^'  5'  N.  lat,  and  263"  14'  E.  long,  from  Grtjenwich,  he  found  the 
inclination  nr  dip  to  be  90**.  The  inclination  of  the  magnetic 
needle  is  so  considerable  in  high  latitudes,  that  the  compass  loses 
much  of  its  practical  utility  as  has  been  shown  in  the  late  North 
Polar  Expedition. 

The  further  wc  advance  towards  the  south,  the  more  the  inclina- 
tion decreases,  and  at  the  equator  wc  come  to  a  point  where  it  ia 
absolutely  nxill,  where  consequently  the  needle  of  inclination  i« 
perfectly  horizontal ;  as  we  advance  further  to  the  south  we  again 
obsen'e  an  inclination,  but  it  is  in  an  opposite  direction,  the  extre- 
mity of  the  needle  pointing  to  the  south  being  the  one  that  now 
dips.  This  inclination  increases  likewise  with  the  increase  of 
southern  latitude.  In  the  vicinity  of  the  south  pole  of  the  earth 
there  is  therefore  a  second  point  at  which  the  dipping  needle 
stands  perfectly  vertical,  and  this  ia  the  south  magnetic  pole. 

At  whatever  degree  of  geographical  longitude  we  may  pass  tliis 
equatorial  zone,  we  shall  always  find  one  point  where  the 
will    be    perfectly    horizontal.      These   places   where  there 
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mclinatian  form  a  cun'c  all  round  the  earthy  termed  the  magnetic 
equator. 

The  magnetic  equator  does  not  coincide  with  the  terrestrial 
equator,  or  form  any  regular  circle  of  the  earth's  sphere.  It 
sttuiis  itfl  greatest  southern  latitude  on  the  Atlantic  Ocean  at 
about  28^  W.  of  Paris,  where  it  is  then  ahout  It"  degrees  south 
of  the  terrestrial  equator.  The  two  equators  approach  each  other 
as  they  incline  to  the  west,  meeting  at  120"  W.  of  Paris;  here, 
however,  instead  of  turning  to  the  northern  hemisphere,  it  again 
inclines*  to  the  south  /about  160"  W.  of  Paris^  in  order  to  reach  a 
second  southern  maximum  of  dP  75'.  At  174"  long,  it  cuts  the 
terrestrial  equator,  and  remaining  within  the  northern  hemisphere, 
intersect^  the  terrestrial  equator  again  at  18'^  E.  of  Paris.  The 
magnetic  equator  has  a  N.  lat.  of  ll''  47'  at  62"  E.  of  Paris; 
while  it  is  7"  W  at  150**  E.  of  Paris,  and  8"  57'  at  130^  E.  of 
Paris.  These  data  will  suffice  to  define,  iu  general  terms,  the  **^ 
position  of  the  magnetic  equator  and  the  irregularity  of  its  oA 
course. 

The  total  action  exerted  by  the  earth  upon  a  magnetic  needlci 
is  simply  directive,  not  attractive,  since,  if  it  were  the  latter,  a 
magnetic  needle  would  necessarily  weigh  more  than  before  it  was 
magnetised.  If  we  lay  a  magnetic  needle  upon  a  cork  swimming 
in  water,  it  will  move  into  the  magnetic  meridian,  without 
evincing  any  tendency  to  float  towards  the  north  as  we  might 
expect. 

If  we  bring  a  magnet  near  a  floating  needle,  either  attraction 
or  repulsion  will  occur,  according  to  the  pole  of  the  magnet 
nearest  it ;  the  needle  either  approaching  to,  or  receding 
fnim  the  magnet.  Why  docs  not  the  needle  move  towards  the 
north  magnetic  pole,  if  the  earth  be  nothing  more  than  a  large 
magnet  ?  The  reason  is  this :  the  force  of  magnetic  attraction 
diminishes  with  the  distance,  as  we  shall  soon  sec.  If  we  direct  a 
magnet  towards  the  floating  needle,  the  two  poles  of  the  needle 
will  not  be  equally  distant  from  the  pole  of  the  magnet ;  con* 
aequcntly  the  repulsive  or  the  attractive  force  must  i)reponde- 
rate,  and  forward  motion  be  produced.  The  north  magnetic  pole 
of  the  earth  is,  however,  so  extremely  remote  from  the  floating 
needle,  that  the  length  of  the  needle  does  not  bear  any  appreciable 
proportion  to  the  distance,  the  one  pole  of  the  needle  is,  therefore, 
as  much  attracted  as  the  other  is  repulsed. 

Variations  of  declination  and  inclination, — ^Thc  declination,  like 
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the  incliaation^  is  variable;  thus,  in  the  year  1580,  the  docliuAtiaD 
at  Paris  was  11"  SO'  E.,  it  tht:n  diminished,  and  was  null  in  the 
year  1663;  from  thia  time  the  declination  inclined  to  the  westward, 
increasing  constantly  till  the  year  1814,  when  it  attained  itsnuud- 
muxn  vest,  amounting  to  22^*  34',  and  again  began  to  decrease. 

The  inclination  of  the  magnetic  needle  at  Paris  has  constantly 
diminished  from  the  year  1671,  when  it  amounted  to  about  75", 
it  being  now  about  67  i'*. 

These  tcradual  changes  of  declination  and  incliiuition  arc  called 
iecttlar  variations;  they  are  not^  however,  the  only  changes  to 
which  the  direction  of  the  declination  is  subject. 

If  wc  carefully  observe  the  declination  needle,  wc  shall  find 
that  it  continually  makes  email  oeeillations,  moving  altematrly 
from  cast  to  west  from  its  position  of  equilibrium ;  these  oscilla- 
tions arc  sometimes  regular  and  periodical,  sometin»rs  accidental 
and  abrupt.  The  forotcr  are  termed  the  diurnal  variations,  the 
latter  perturbations.  In  general,  the  north  end  of  the  needle 
continues  its  onward  motion  westward  from  sunrise,  and  beginning 
its  retrograde  motion  about  5  p.m. 

The  amplitude  of  the  diurnal  variations,  that  is,  the  angle 
between  the  eastern  and  western  limits,  varies;  being  sometimes 
only  5  or  6  seconds,  and  sometimes  amounting  to  J  minute. 

The  inclination  is  likewise  subject  to  similar  variations. 

The  needle  of  declination  makes  very  strong  irregular  oscillations, 
amounting  often  to  more  than  a  degree,  on  the  appearance  of  an 
aurora  borealis  in  the  heavens. 

Eai'thquakes  and  volcanic  eruptions  also  appear  to  act  upon  the 
magnetic  needle,  producing  frequently  a  permanent  change  in  its 
position. 

Intensity  of  terrestrial  magnetimn. — If  a  needle  of  inclisation  be 
draT\ni  out  of  the  magnetic  meridian^  terrestrial  magnetism  will 
endeavour  to  restore  it  to  its  position  of  (equilibrium  ;  it  is  only 
on  leaving  the  needle  entirely  to  itself,  that  it  will,  after  n  scries  of 
vibrations,  resume  its  position  of  rest.  The  period  necessary  f^r 
each  one  of  these  vibrations  depends  upon  the  mass  of  the  necdk-j 
the  strength  of  the  magnetism  developed,  and  likewise  the  force  of 
terrestrial  magnetism.  Thus  the  same  needle  will  vibrate  with 
more  or  less  rapidity  according  to  the  force  of  the  terrestrial  mag- 
netism acting  upon  it. 

We  have  thus  a  method  of  comparing  the  force  of  tcjreetnal 
magnetism,  as  manifested  at  different  places  on  the  earth ;  it  being 
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only  necessary  to  observe  the  nmnber  of  oscillations  made  in  a 
defLoite  time  [as  5  minutes  for  instance)^  in  different  parts  of  the 
earth  by  the  same  needle  of  inclination^  and  by  this  mode  of 
observation  we  may  easily  reckon  how  the  force  of  terrestrial 
ma^etisin  stands  at  one  place  with  regard  to  that  exhibited  at 
another,  for  the  intensities  of  terrestrial  magnetism  are  as  the 
squares  of  the  number  of  oscillations  made  in  an  equal  period  nf 
time. 

The  observations  made  on  the  oscillations  of  a  needle  of  incli- 
nation can  never  yield  very  accurate  results,  and  therefore  the 
experiments  made  on  the  oscillation  of  horizontal  needles  or  rods 
are  preferable.  The  force  causing  the  needle  of  decUnation  to 
vibrate,  is  only  a  portion  of  a  horizontal  lateral  force,  itself  but  a 
part  of  the  magnetic  terrestrial  force  acting  in  the  direction  of  the 
needle  of  inchnation ;  if,  however,  the  horizontal  intensity  and  the 
amount  of  the  incUnation  be  known,  wc  may  easily  compute  the 
whole  intensity. 

Mlien  the  horizontd  intensity  of  the  terrestrial  magnetism  and 
of  the  inclination  is  known,  we  may  easily  find  the  whole  intensity 
by  construction. 

In  Fig.  337,  a  6  is  the  horizontal  intensity.  If  now 
we  make  the  angle  i  equal  to  the  inclination  observed 
at  the  same  place,  and  draw  a  perpendicular  from  A, 
a  c  will  represent  the  whole  intensity. 

If  1  =  0,  the  direction  of  the  terrestrial  magnetic 
force  will  be  in  a  horizontal  plane ;  this  as  is  well 
known  is  the  case  at  the  magnetic  equator,  the  hori- 
zontal intensity  being  here  equal  to  the  whole  inten- 
mty.  The  horizontal  portion  of  the  magnetic  terrestrial  force 
becomes  larger,  the  nearer  we  approach  the  magnetic  equator;  at 
the  magnetic  poles  of  the  earth,  where  the  needle  of  inclination 
stands  in  a  vertical  position,  the  horizontal  portion  of  the  terres- 
trial magnetic  force  is  null. 

On  comparing  the  results  of  the  observations  that  have  been 
made  on  the  amount  of  intensity  at  different  places  on  the  earth's 
surface,  we  arrive  at  the  following  general  result,  that  tlie  total 
intensity  is  smallest  in  the  vicinity  of  the  magnetic  equator, 
increasing  the  further  we  move  away  from  it  towards  the  north 
or  south.  In  the  vicinity  of  the  magnetic  poles  it  Ih  about  1,5 
times  gi'catcr  than  at   the  equator.     The   intensity   varies  also  at 
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the  same  place,  and^  like  the  decimation  and  the  inclinatioD,  ii 
subject  to  diurnal  variations. 

Influence  of  ierrestrial  viagnetisni  upon  iron. — If  we  hold  a  rod 
of  soft  iron  from  6  to  10  decimetres  in  length  in  the  direction  of  i 
the  dip,  it  >vill  become  magnetic  by  the  inllueuce  of  terrestrial 
magnctismj  its  lower  end  becoming  a  south  pole,  and  its  upper 
end  a  north  pole,  as  may  be  easily  seen  by  bringing  a  small  aena- 
tive  magnetic  needle  successively  in  the  vicinity  of  the  ends  of  the 
rod.  The  same  pole  of  the  needle  is  attracted  by  the  one  end  of 
the  rod,  and  repelled  by  the  other ;  by  which  circumstance  we 
may  at  once  perceive  the  polar  magnetic  condition  of  the  rod. 
On  inverting  the  rod  we  find  its  poles  have  changed,  the  lower 
end  being  again  a  south  pole,  and  the  upper  one  a  north  pole. 

The  same,  although  somewhat  modified  action  is  also  produced 
by  terrestrial  magnetism  on  a  vertically  suspended  iron  rod,  or 
indeed  on  any  iron  rod,  let  the  angle  it  makes  w^ith  the  dircctioo 
of  the  needle  of  inclination  be  what  it  may :  the  action  being, 
however,  less  in  proportion  as  it  recedes  from  the  direction  of  the 
needle  of  inclination.  Terrestrial  magnetism  exercises  more  or 
less  strongly  the  same  influence  on  all  masses  of  iron  ;  all  soft  iron 
must  therefore  assume  a  polar  magnetism  under  its  inBuencey  ai 
may  be  shown  with  more  or  less  distinctness,  according  to  circum- 
Btancca.  If  a  rod  of  iron  be  magnetised  by  the  influence  of 
terrestrial  magnetism,  a  few  strokes  of  the  hammer  will  sufSce  to 
fix  the  maguetism,  and  therefore  to  convert  the  rod  into  a  perma- 
nent magnet;  by  striking  the  iron,  a  coercive  force  is  consequently 
imparted  to  it,  which  hinders  the  union  of  those  fluids  that  hare 
separated  in  the  won  by  the  influence  of  the  earth.  Wc  may  thus 
understand  how  almost  all  tools  in  the  workshop  of  a  lock&mxtb 
become  magnets.  It  appears  that  chemical  changes  act  similarly 
to  mechanical  disturbances  in  fixing  the  magnetism  imparted  by 
the  earth  to  the  iron,  for  wc  find  that  iron  rods  after  being  for 
any  length  of  time  in  a  vertical  position,  and  becoming  rust 
acquire  a  permanent  magnetism.  A  certain  individual,  nam 
Juhus  Caesar,  a  surgeon  at  Rimiui,  first  obsen'ed  in  the  year  15 
that  an  iron  rod  on  the  tower  of  the  Church  of  St.  Augustiu  Lad 
become  magnetic  from  the  influence  of  tlic  earth.  At  a  subsequent^ 
period,  in  the  year  1630,  Gassendi  made  a  similar  observation  with™ 
regard  to  the  cross  on  the  steeple  of  the  Church  of  St.  John,  at 
Aix,  which  had  been  struck  down  by  lightning.     It  waa  strongly 
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rusted,  and  hud  all  the  properties  of  a  magnet.  Since  that  time 
numerous  observations  of  this  kind  have  been  made,  and  it  bus 
been  generally  found  that  iron  which  is  somewhat  rusted,  is 
always  more  or  less  magnetic. 

On  dipping  a  horse^shoe  magnet  into  iron  filings,  the  latter  will 
arrange  themselves  in  a  tiift  between  the  poles ;  if  we  then  moisten 
them  with  oil,  and  expose  them  to  a  red  heat  while  they  remain 
under  the  iuflueuce  of  the  magnet,  a  partial  oxidation  of  the  iron 
will  take  placOj  and  we  shall  obtain  a  tolerably  compact  mass,  the 
composition  of  which  is  similar  to  that  of  natural  magnets,  and 
which  also  will  remain  permanently  magnetic. 

Dttninution  of  magnetic  force  by  distance. — Since  wc  have  now 
ieamt  to  know  the  magnetic  action  of  the  earth,  we  may  also  inves- 
tigate the  laws  by  which  the  strength  of  magnetic  attractions  and 
repulsions  diminish  as  the  distance  increases.  It  will  be  readily 
understood  that  magnetic  actions,  like  all  other  actions  emanating 
from  one  point,  must  stand  in  inverse  relations  to  the  squares 
of  distance,  that  ia  to  say,  at  2,  3,  or  4  times  the  distance,  the 
actions  will  be  4,  9,  or  16  times  less. 

^Vhen  we  endeavour  to  confirm  this  law  by  experiment,  we 
labour  under  the  peculiar  difficulty  of  being  unable  ever  to  try  the 
experiment  on  one  magnetic  pole,  without  having  to  contend  with 
the  counter  influence  of  the  other  pole ;  we  must,  therefore, 
endeavour  to  make  the  distance  between  the  poles  so  great,  as  to 
destroy  the  disturbing  influence  exercised  by  the  one  over  the  other. 
Let  us  suppose  a  magnetic  needle  so  suspended  by  a  tJircad  of 
untwisted  silk,  as  to  be  able  to  oscillate  freely  in  a  horizontal  plane, 
while  it  is  sufficiently  protected  from  disturbing  currents  of  air. 
This  needle  must  be  first  left  to  OHcillatc  under  the  sole  influence  of 
terrestrial  magnetism.  liCt  n  be  the  number  of  oscillations  observed 
in  a  minute,  and  m  the  horizontal  portion  of  the 
magnetic  terrestrial  force  acting  upon  it. 

Let  now  one  pole  of  a  highly  magnetised  steel  bar 
act  ujwn  the  needle.  This  steel  rod  is  to  be  brought 
t^fr*  into  the  magnetic  meridian  of  the  needle  n  «  in  a 
vertical  position,  so  that  the  pole  h  of  the  needle 
is  to  be  turned  towards  the  |)ole  N  of*  the  bar,  on 
which  it  will  act  attractively. 

The  bar  N  S  must  be  so  large  that  the  distance 
8  N  may  be  as  small  as  possible,  in  comparison 
with   the   distance   s  S,   so   that  we  may    neglect 
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the  action  of  the  pole  8  on  $,  without  comnutting  any  Bcnoui 
error. 

If  we  designate  by  n'  the  number  of  oscillations  of  the  needle  for 
the  case,  where  the  pole  A'' of  the  bar  N  S  acts  upon  the  needle  from 
a  definite  distance^  and  call  the  force  accelerating  the  motion  of  the 
oscillating  needle  f,  we  shall  have,  in  accordance  with  the  former 

expcnmeut,  -^  ^=  -g-. 

Supposing  the  needle,  under  the  sole  influence  of  terrertrial 
magnetiHin,  to  make  15  oscillations  in  one  minute^  and  41  vrbcn 
pole  N  of  the  bar  is    removed,   4  inches  from  the  needle,  we 


shall 


^^*^'  7==w 


We  must  now  remove  the  bar  to  twice  as  great   a  distaDOCj 

BO  that  iV  is  8  inches  from  the  needle,   and  then  observe  the 

number  of  oscillations;  supposing  we  find  their  number  in  one 

minute  n"=24,  we  shall  have,  if  we  designate  as  /'  the   force 

/'       24!^ 
actmg  in  this  case  upon  the  needle,  ^  ^  r^. 

The  amount  f"  is  evidently  the  sum  of  the  terrestrial  magnetic 
force  and  the  attractive  force  exercised  by  the  pole  A'^  at  the 
distance  of  4  inches  upon  the  needle ;  the  latter  is,  therefore, 
evidently  /*  — /.  In  like  manner,  the  attractive  force  exercised 
by  the  rod  at  u  distance  of  8  inches  upon  the  needle  is  f*  — f. 
By  the  combination  of  the  two  latter  equations,  we  shall  have  the 
/— /  _  41^  —  15^  _  1456 
343  —  15^ 


following  result 


4,1. 


/"_/       343_i5i        351 

This  experiment  shows,  therefore,  that  the  attractive  force  of  t 
magnetic  pole  acts  with  nearly  four  times  less  intensity  when 
removed  to  twice  the  distance. 

Weber  has  indirectly  proved  the  truth  of  this  proposition  by  his 
investigations,  not  merely  on  the  action  of  a  single  pole,  but  on 
that  of  the  whole  magnet  at  greater  distances.  Ue  has  shown 
that  if  a  magnetic  bar  be  small  in  comparison  with  the  distance  it 
which  it  acts,  the  total  action  of  the  maguet  must  diminish  in 
an  inverse  ratio  to  the  third  power  of  the  distance,  provided  the 
action  of  a  single  pole  really  stand  in  an  inverse  relation  to  the 
squares  of  the  distance. 

In  Fig.  339,  a  A  is  a  magnetic  bar,  1  deeimetre  in  length, 
no.  339.  whose  Centre  is  10  decimetres  fit)m 

^ ,  f     the  point  c ;  the  distance  of  the  pole 

'^   ^  h  from  c  is,  therefore,  9,5,  and  that 
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^W  the  other  pole  10,5'*».  If  now  c  be  a  magnetic  pole,  and  if 
wc  designate  as  1  the  force  with  which  the  poles  b  and  c  would 
attract  each  other,  supposing  them  to  be  1*"  from  one  another, 

1  1 


the  attractive  force  will  be 


=  ufTipr,  if  the  attracting  ac- 


9,5^        90,25^ 

tion  of  the  pole  stand  in  an  inverse  relation  to  the  squares  of 
distance.     From  the  same  data,  the  value  of  the  repulsive  action 

of  the  poles  b  and  c  ia  ^777^  =  ,.        ,  the  total  action  exercised 

by  the  magnet  a  b  upon  c,  ia  therefore, 

Jl I  20 

90,25  110,25  "9950" 
If  now  we  remove  the  magnet  to  double  the  distance  of  r,  that 
is,  if  we  place  it  in  such  a  manner  that  the  middle  is  20*°  from  c, 
the  distance  b  c  being  equal  to  19,5,  the  distance  a  c  will  be 
20,5*",  and,  consequently,  the  total  action  of  the  magnet  wiD 
be  as  follows : 

^ 11  1       _      40 

19,52       20,53  —  380,25        420,25  ~^  159800' 
If,    therefore,   we   move   the   magnetic   bar    to   a   distance   of 
20^,   instead  of  10*°  only,  its  action  must  diminish  in  the 

20  40 

relation'of  0^=7)  '^  T-QHno*  P^^^^cd  the  action  of  each  sepa- 
rate pole  stand  in  an  inverse  relation  to  the  squares  of  distance. 
20  40      _    1  2      ^  15980 

~995  "  ^ 


But 


—  8,    at    double 


9950     159800       995      15980         1990 
the  distance,  the  total  action  of  the  magnet  is  8  times  weaker, 
and  8  is  the  third  power  of  2. 

What  we  have  shown  here  by  particular  examples,  may  also  be 
generally  proved,  as  it  admits  of  a  general  proof  that  the  total 
action  of  a  magnet  must  be  in  an  inverse  ratio  to  the  third  power 
of  the  distance,  if  the  action  of  one  single  pole  stand  in  an  inverse 
relation  to  the  aquiu'cs  of  the  dlBtauce, 

Wc  will  now  adduce  an  experiment,  by  which  the  total  action  of 
a  magnetic  bar  is  shown  to  be  as  the  third  power  of  the  distance, 
provided  the  magnet  be  small  in  comparison  with  this  distance. 

A  bar,  1"  in  length,  and  divided  into  half  decimetres,  mnst  be 
so  laid  that  its  direction  may  be  at  right  angles  to  the  magnetic 
meridian.  A  small  compass  is  then  placed  in  the  middle,  as 
represented  in  Pig.  340.     The  needle  of  this  compass  will  stand 
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ftt  0,  if  the  magnetic  terreatrial  force  be  the  only  oue  acting  upon' 
it.     If,  however,  a  magnet  be  laid  sideways  upon  the  rod,  thcj 

rtc.  340. 


t 

t  \^ 

rm 

A 

needle  will  be  turned  aside ;  and  then  this  deviating  force  will 
be  proportional  to  the  tangent  <»f  the  angle  of  deviation. 

Let  us  now  lay  a  magnetic  bar  l**"  in  length,  in  Kuch  a  uiaiiDrr 
(as  seen  in  Fig.  5-40)  that  its  middle  may  be  ^S*^"  from  ibf 
Titiddle  of  the  compasR.  In  such  an  experiment  the  deviatiuo 
will  amount  to  11  J". 

If  the  magnetic  bar  »  <  be  now  placed  in  such  a  manner  tlint 
its  w'ntre  ia  30""  from  the  centre  of  the  compass,  the  deviation 
will  amount  to  35J". 

The  distances  here  arc  to  each  other  as  30  to  45,  or  as  2  to  8  i 
the  tangents  of  the  angles  of  deviation  must,  therefore,  be  aa  2'  to  3-\ 

27 

or  as  8  to  27;  and  here  we  shall  have  --=3,375. 

o 

But  the  tangent  of  1140=0,2034,  the  tangent  of  35  J"  =  0,7115, 


and 


0,7115 


0  2034  ~  ^'^'^ '  '^^  tangent  of  the  angles  of  deviation  arc, 
therefore,  very  nearly  as  8  to  28,  or  as  the  third  powers  of 
the  distances. 
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PART  11. 

OF     ELECTRICITY. 


CHAPTER    I. 


OF     ELECTHICAL    ACTIONS. 

There  are  bodies  which  by  friction  acquire  the  property  of 
attracting  light  bodies, — ^We  may  easily  conTince  ourselves  that 
bodies  in  their  ordinary  condition  do  not  possess  the  property  of 
attracting  light  bodies^  as  gold-leaf,  sawdust,  paper-cuttings,  balls 
of  the  pith  of  the  elder,  &c. ;  but  if  we  rub  a  glass  rod,  or  a  piece 
of  sulphur,  or  sealing-wax,  or  amber,  &c.,  with  a  woollen  or  silk 
no.  341.  substance,  these  bodies  will  immediately  acquire 
this  remarkable  property.  This  attractive  force 
'^t}\l  is  BO  great,  that  even  at  the  distance  of  more 
than  a  foot,  light  bodies  are  drawn  towards  the 
attracting  body  (Fig.  341).  The  cause  of  this  phenomenon  is 
called  Electricity, 

We  may  make  use  of  the  electrical  pendulum,  (represented  in 
Fig.  842),  in  order  to  ascertain  whether  a 
body  will  become  electrical  by  friction.  This 
apparatus  consists  of  a  small  ball,  made  of  the 
pith  of  the  elder,  and  suspended  to  a  fine 
linen  thread.     If  we  would  test  a  body,  we 

\  bring  it  towards  the  ball ;  if  it  be  not  attracted, 

\    it  is  either  non-electric,  or  too  sUghtly  electric 
to  produce  any  effect. 
By  the  aid  of  the  electric  pendulum,  it  may 
be  shown  that  all  resins,  amber,  sulphur,  and 
glass,  become  strongly  electric  by  friction;  the  precious  stones, 
wood,   and  charcoal,    seldom   give  the   slightest   indications    of 
attraction ;  metals  do  not  appear,  at  first  sight,  to  admit  of  being 
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made  dectricy  fur  we  do  not  perceive  the  least  trace  of  atlractitMi  in 
this  apparatus  on  forcibly  rubbing  a  metal  rod.  Ail  bodies  thus 
fall  under  two  great  classes ;  that  is,  such  as  become  electric  by 
friction,  and  such  as  do  not  thus  acquire  an  electric  condition. 
The  former  we  term  idioelectric,  the  latter  anclcctric  bodies. 

This  division  is  founded,  however,  upon  an  erroueoua  view, 
for  it  has  been  found  that  all  bodies,  even  metals,  can  be  made 
electric  by  friction,  and  although  we  may  be  unable  in  many 
bodies  to  perceive  any  trace  of  electricity  from  friction,  the  caiue 
depends  upon  other  circumstances,  of  which  we  shall  auoo 
treat. 

Conductors  and  non-conductors, — It  was  formerly  supposed  thtt 
the  boilies  designated  by  the  term  auelectric,  could  not  by  any 
means  be  brought  into  an  electric  condition.  In  1727,  cxpcri- 
mcnts  were  made  with  a  glass  tube  open  at  both  ends  on  tim 
subject  by  Gratjj  an  English  natural  philosopher.  He  wanted  to 
see  whether  it  would  become  electric  if  closed  up  at  both  end* 
by  a  cork  stopper.  At  that  epoch  science  was  so  little  advanced, 
tliat  experiments  were  made  at  rundora,  there  being  neither 
hypothesis  nor  theory  by  which  to  conduct  the  course  of  investi- 
gation. To  his  great  astonishment.  Gray  foimd  that  the  stoppcn 
themselves  had  become  electric,  although  cork  belonged  to  the 
substances  reckoned  anelectric.  A  metal  wire  passed  through  the 
cork  became  electric,  iudepcndently  of  the  length  at  which  it  wu 
used;  having  successively  carried  the  electrical  rod  to  the  first, 
second,  and  third  stories  of  his  house,  and  let  the  metal  wiir 
descend  to  the  ground.  He  rubbed  the  glass  tube,  while  a  friend 
brought  light  bodies  to  the  lower  end  of  the  wire,  on  which 
they  were  instantly  attracted  by  it.  It  follows  from  thence,  that 
metals  have  the  property  of  assuming  and  imparting  to  other 
bodies  an  electric  condition.  The  same  property  is  poascaMd, 
however,  by  all  anelectric  bodies,  and  hence  they  have  been 
termed  conductors  of  electricity.  Idioclectric  bodies,  on  the  other 
hand,  are  non-conductors ;  for  when,  by  fnction,  we  make  one  end 
of  a  glass  tube  electric,  the  other  end  exhibits  no  trace  of  attrifr- 
tion. 

We  may  easily  demonstrate  this  fundamental  truth  by  the  aid 
of  an  electrifying  machine,  of  which  we  may  make  use  to  devdop 
electricity,  without  knowing  the  principle  of  its  construction.  The 
conductor  of  the  machine  is  a  metallic  body,  which  is  made  electric 
If  we  bring  in  contact  with  the  conductor,  when  in  an  electrified 
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MiditioD,  ft  metal  wire  suspended  by  a  silk  thread,  or  better  stilly 
^me  cylindrical  metal  budy  standing  on  a  glasa  pedestal,  the 
metal  wiU  be  electrified  through  its  whole  extent ;  as  soon,  how- 
ever, as  it  be  connected  with  the  earth  by  means  of  any  good 
conductor,  all  its  electricity  will  instantly  disappear. 

From  this  it  follows  that  silk  threads  and  glass  rods  are  non- 
conductors of  electricity,  insulators*  A  conductor  of  electricity 
can,  therefore,  only  remain  electric  as  long  as  it  is  insulated^  that  is, 
surrounded  by  perfect  non-conductors.  The  air  must  be  an  insu- 
ialoTj  since,  if  it  were  not  so,  electricity  would  be  instantly  with- 
drawn by  the  atmosphere  from  metals.  Water  and  steam  arc 
^ood  conductors,  consequently,  wheu  the  atmosphere  is  dauip  the 
electricity  will  soon  be  lost,  which,  in  a  dry  condition  of  the  air 
would  have  adhered  to  an  insulated  conductor  for  a  long  period  of 
time. 

The  human  body  is  likewise  a  good  conductor.  If  we  stand  on 
the  ground  and  lay  hold  of  the  conductor  of  an  electrifying  machine, 
aU  the  electricity  evolved  from  turning  the  machine  will  immediately 
escape,  but  if  we  stand  upon  a  bad  conductor,  as  a  piece  of  resin, 
the  whole  body  will  become  electric.  This  explains  the  reason  of 
a  metallic  rod  not  becoming  electric  by  friction  when  we  hold  it  in 
the  hand ;  all  the  electricity  obtained  by  the  friction  being  imme- 
diately given  off  to  the  human  body,  and  thence  to  the  groimd. 

The  best  insidatora  may  become  conductors  if  they  be  covered 
with  condensed  vapour.  It  is,  tbfrefure,  of  the  greatest  import- 
ance to  the  successful  result  of  electrical  experiments,  that  the 
glass  feet,  resin  rods,  &c.,  used  for  insulating  a  conductor,  should 
be  well  dried  by  warmth  and  friction. 

Instead  of  dividing  bodies  into  conductors  and  non-conductors, 
we  ought  more  correctly  speaking  to  term  them  good  and  bad 
conductors,  since  there  do  not  exist  any  absolute  non-conductors; 
sbell-lac,  more  especially  resin,  silk  and  glass  are  the  worst  con- 
ductors we  have,  while,  on  the  contrary,  metals  constitute  the  best 
conductors.  / 

Of  the  two  kinds  of  electricity. — Let  us  take  a  simple  clectri<»l 
pendulum  (sec  Fig.  3-12),  whose  nob  is  suspended  to  a  silk  thread. 
If  we  now  bring  a  rubbed  glass  or  shcU-lac  rod  to  the  pendulum^ 
the  pith  ball  will  be  strongly  attracted,  then  touch  the  rod,  and  after 
adhering  to  it  for  some  minutes  will  be  repelled.  This  repulsion 
depends  upon  the  electricity  communicated  to  the  ball  by  contact 
I      with  the  rod,  for  on  touching  it  with  the  hand,  and  then  bringing  it 
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back  to  its  natural  condition  it  wiU  be  again  attracted,  and  repelled 
ria.  343.  after  a  second  timebcing  brought 

into  contact. 

It  follows  that  the  repeUed 
ball  is  really  electric  from  iu 
being  attracted  by  bodies  in 
their  natural  condition,  providd 
we  make  choice  of  conductors  for 
the  experiments jp  If  we  takr 
two  insulated  pendulums,  one 
of  which  has  been  made  electric 
by  contact  with  a  glass  rod  rubbed  with  silk,  and  the  other  by  a  rod 
of  shell-lac  rubbed  with  fur  or  tlannei,  we  shall  j>erctive  the  following 
remarkable  phenomena.  The  ball  that  has  been  repelled  by  the  ghm 
rod  will  be  attracted  by  the  shill-lac  rod,  while  the  one  repelled  by 
the  shell-lac  will  be  attracted  by  the  glass.  The  electricity  evolved 
from  glasBj  consequently^  is  not  identical  with  that  evolved  hxun 
resins,  since  the  one  attracts  and  the  other  repels. 

These  two  kinds  of  electricity  have  received  the  names  ofvitrmu 
and  resinous  electricity.  The  former  is  also  termed  positive,  and 
the  latter  negative.  The  discovery  of  these  two  different  kinds  of 
electricity  was  made  by  Dufay  in  the  year  1773. 

Of  the  electric  fluids  and  the  natural  condition  of  bodies, — Owiny 
to  the  rapidity  with  which  electricity  distributes  itself  through 
conductors,  it  has  been  concluded  that  it  must  be  a  body  endowed 
with  remarkable  powers  of  motion,  and  from  the  laws  of  vitreous 
and  resinous  electricity,  it  has  been  further  assumed  that  there 
must  be  two  electric,  os  there  are  two  magnetic,  tluids.  When 
these  two  iluids  are  united  iu  one  body,  and  when  they  matoany 
neutralise  each  other  in  that  body,  the  body  is  in  its  natural  con- 
dition. If,  however,  the  two  electricities  are  decomposed  in  ■ 
body,  it  will  become  electric,  positively,  if  the  vitreous  electricity, 
and  negatively,  if  the  resinous  electricity  predominates.  There 
exists,  however,  an  essential  difference  between  the  electric  and 
magnetic  fluids ;  the  latter  being  as  it  were  enclosed  ui  tht 
magnetic  particles,  while  the  electric  fluid  can  pass  freely  irvia 
one  body  to  another. 

If  +  electricity  be  given  off  by  fnctuui  in  a  body,  —  electricity 
must  be  developed  in  an  equal  degree.  We  may  show  this  by  » 
simple  experiment.  If  wc  rub  together  two  discs  of  differtni 
substances,  which  are  insulated  by  glass  rods,  tbey  will  exhibit  no 
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trace  of  electricity  bo  long  as  they  rest  ou  each  otber ; 
as  fioon,  however,  as  they  are  separated,  the  one  will 
1>e  found  to  be  positively  electric,  and  the  other  nega- 
tively so  and  in  an  equal  degree.  This  experiment  is 
best  exemplilied,  where  one  disc  is  of  glass  and  the  other 
of  some  wood  covered  with  leather,  which  has  been 
rubbed  over  with  amalgam.  We  may  also  take  discs  of 
any  other  substance,  such  as  resin,  metal,  &c.,  covering 
them  with  diffei'ent  materials  to  vary  the  experiment, 
as  for  instance,  with  cloth,  silk,  paper,  &c. 

Since  a  body  in  its  natural  condition  contains  both  electricities 
in  equal  quantities,  there  is  no  reason  to  suppose  that  it  is  disposed 
to  take  up  and  retain  either  kind  in  particular ;  it  may,  therefore, 
become  positively  or  negatively  electric,  according  to  the  substance 
with  which  we  rub  it.  Glass,  for  instance,  becomes  positively 
electric  when  rubbed  with  wool  or  silk,  and  negatively  so,  when 
rubbed  with  cat-skin.  In  order,  therefore,  to  designate  the  fluids 
distinctly,  wc  must  thus  express  ourselves.  Positive  or  +  elec- 
tricity ifl  that  kind  of  electricity  assumed  by  glass,  on  the  latter 
being  rubbed  with  wool  or  silk ;  negative  or  —  electricity,  on  the 
contrar)',  is  that  kind  developed  by  resins  rubbed  with  cat-skin,  wool 
or  silk.  If  we  suppose  a  list  of  different  bodies  to  be  so  drawn  up, 
that  each  one  when  rubbed  with  all  those  succeeding  it  becomes  posi- 
tively a  -f  electric,  we  shall  soon  remark  how  the  smallest  change  of 
circumstances  alters  the  order  of  this  series.  A  change  of  tempera- 
ture, for  instance,  may  oblige  us  to  move  the  body  upwards  or  down- 
wards in  the  scries.  The  same  action  is  often  pi^oduccd  by  making 
the  surface  of  a  body  rougher  or  smoother.  The  colour,  the  arrange- 
ment of  the  molecules  or  fibres,  or  simply  a  more  or  less  strongly 
applied  pressure  may  produce  similar  phenomena.  A  black  silk 
riband,  for  instance,  will  be  negatively  electrified  when  rubbed 
with  a  white  silk  riband.  Even  on  rubbing  two  pieces  of  the 
riband  crosswise  together,  the  one  used  for  rubbing  will  become 
positively  electrified,  and  the  other  negatively  so.  Again,  oa 
rubbing  a  polished  glass  disc  upon  a  ground  glass  disc,  they  will 
likewise  become  oppositely  electric,  &c. 

Communication  of  electricily. — Free  electricity  may  pass  from 
one  body  to  another,  as  well  by  immediate  contact  as  at  great 
distances,  the  communication  depending  upon  the  capacity  of 
the  body  for  conducting  electricity  and  the  amount  of  its 
surface. 
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On  being  brought  into  contact  with  an  electrified  body,  bad 
conductors  only  take  up  electricity  at  the  place  of  contact  without 
its  being  transmitted  over  their  whole  extent.  If,  on  the  other 
hand,  we  touch  an  electrified  insulator,  it  will  lose  its  electricity 
only  at  the  spot  touched,  the  remainder  of  its  surface  continuing 
electric  as  before.  This  may  be  easily  seen  by  means  of  a  rubbed 
piece  of  sealing-wax,  or  a  glass  rod.  The  case  is  very  difi^erent  with 
good  conductors.  When  touched  at  one  point  by  an  electric  body, 
the  electricity  will  be  difiused  over  the  whole  conductor,  and  if  we 
bring  an  insulated  electrified  conductor  into  contact  with  the  earth, 
it  will  immediately  lose  its  electricity. 

Electricity  may  also  pass  from  one  body  to  another  without 
immediate  contact,  and  here  we  remark  the  extraordinary  pheno- 
menon of  the  electric  spark.  On  bringing  a  metal  rod  or  one  of 
the  knuckles  near  a  rubbed  glass  or  shell-lac  rod,  we  ace  a  brightly 
shining  spark  omitted,  and  hear  a  crackling  noise.  If  the  elec- 
trified body  be  an  insulated  metal  of  considerable  surface,  as  the 
conductor  of  the  electrifying  machine,  the  sparks  will  be  more 
vivid,  passing  imder  some  circumstances  to  a  distance  of  12  inches; 
their  light  will  then  be  dazzlingly  bright,  and  the  noise  accompany- 
ing them  very  loud. 

Otto  von  Guericke,  the  inventor  of  the  air-pump,  waa  the  first 
who  observed  electric  sparks.  Subsequently  Dufay  proved  to  the 
astonishment  of  cvcrj'  one,  that  they  might  be  drawn  from  the 
human  body  as  from  the  conductor  of  a  machine. 

To  make  this  ex])eriment,  we  must  stand  upon  a  piece  of  resin, 
or  a  stool  with  glass  legs  (an  insulated  stool),  and  bring  our  body 
into  contact  with  the  conductor  of  the  machine.  Ou  turning  the 
machine  we  shall  be  concious  of  a  peculiar  sensation  upon  the  skin, 
especially  the  face,  like  as  if  we  were  entangled  in  a  web.  The  hair 
on  the  head  vaW  stand  on  end.  If  now  the  electrified  human  body 
be  brought  into  contact  with  ^'onsulated  conductor,  as  another 
person  for  instance,  and  the  latter  advance  the  knuckles,  a  spark 
will  be  emitted,  which  will  be  felt  in  proportion  to  the  distance 
it  has  traversed. 

Electricity  always  distributes  itself  according  to  the  amount  of 
surfaces  on  passing  from  one  insulated  conductor  to  another;  in 
order  therefore  to  deprive  an  insulated  conductor  of  all  ita  elec- 
tricity, we  must  bring  it  into  contact  with  another,  haWng  an 
infinitely  larger  area,  as  for  instance  with  the  ground,  for  it  is 
thus  brought  in  contact  with  the  whole  earth's  surface,  in  which 
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its  electricity  is  wholly  lost  from  being  regularly  distributed  over 
so  vaflt  an  extent.  If  we  were  to  bring  an  insulated  elec- 
trified metal  ball  into  contact  with  another  equally  large,  like- 
wise insulated  and  non-electric,  the  former  would  loee  exactly  half 
its  electricity.  On  bringing  an  insulated  metal  ball  near  the 
conductor  of  an  electrifying  machine,  only  faint  sparks  will  be 
drawn  from  the  machine '  by  means  of  a  non-insulated  con- 
ductor. <L  v-*--'""''*!^    <^6^r>vw^  ^— »N.^   t**-\,/tX^    t-^ 

A  taper  that  has  been  just  extinguished  may  be  relighted  by 
an  electric  spark.  In  like  manner,  ether  and  alcohol  may  be 
influenced  by  the  electric  spark  ;  to  effect  this  we  must  pour  the 
fluid  into  a  metallic  vessel,  and  bring  near  to  the  surface  of  the 
fluid  the  electrified  body  from  which  the  sparks  are  to  be 
emitted. 

The  electric  pistol  is  represented  in  Fig.  845, 
It  is  a  small  metallic  vessel  secured  by  a  cork 
stopper.  A  metal  wire  terminating  in  two  small 
balls  b  and  b'  {>enetratea  into  the  vessel  without 
being  in  contact  with  the  wall.  For  the  purpose 
of  effecting  this,  the  wire  is  fastened  with  sealing- 
wax  into  a  glass  tube  t  ^,  and  this  cemented  into 
an  aperture  of  the  lateral  wall.  The  electric  spark 
conducted  by  the  wire  passes  from  the  ball  b'  to 
to  the  opposite  wall.  If  now  the  vessel  be  filled 
with  an  explosive  gas,  as  a  mixture  of  hydrogen  and  atmospheric 
air  the  spark  will  produce  such  an  effect  by  the  explosion  of  the 
machine  as  to  cause  the  stopper  to  be  propelled  with  a  loud  report. 
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ELECTRICITY    BV    INDUCTION. 


We  have  seen  that  each  of  the  electric  fluids  repels  the  like 
fluid  and  attracts  the  opposite.  This  attraction  and  repulsion  not 
only  shows  itself  in  the  decomposed  fluids  but  on  those  stiU  in 
combination,  whence  it  happens  that  the  combined  electricities  of 
a  body  in  a  natural  condition  are  disturbed  by  the  approxiraa- 
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no.  34fl.  tion  of  au  electric  bodj.     Let  a  ring  of  metal 

be  ftttaphed  to  an  irualated  hook,  and  have 
two  metallic  threadi*  passing  throu^  it,  at  the 
end  of  which  arc  two- pith  balls.  Ou  the  ap- 
proach of  an  mmEk  boay  r,  the  balls  iril]  start 
away  fi"om  each  other  even  when  r  is  >-ery  far 
removed,  and  no  spark  is  transmitted  to 
them.  This  divergence  increases  the  nearer 
we  bring  r. 

It  is  evidently  not  the  effect  of  transmitted 

electricity,  for  the  pendulums  fall  together  the 

moment  we  remove  r.     Tlie  electricities  which 

were  combined   in  the  metallic  ring  and  tlie 

pendulums  before  the  appi'o.vimution  of  r,  ha>'e 

no.  547.     t)««ti  separated,  that  kind  of  electricity,   which  is  like 

that  of  r,   is  repelled  towards  the   balls,    whilst  the 

opposite  is  attracted  to  the  ring.     If,  therefore,  the 

electric  body  r  is  a  rubbed  rod  of  resin,  that  is  — 

electric,    the   ring  will    become    +    electric,   and  the 

balls  — . 

We  may  demonstrate  by  means  of  a  test  disc,  that 
the  two  kinds  of  electricity  are  really  distributed  in  the 
way  indicated.  A  test  disc  is  made  of  gold  leaf,  or 
gold  paper,  from  1  to  2  centimetres  in  diameter,  and 
fastened  to  n  long  rod  of  shell-lac,  or  thin  glass  rod 
covered  with  varnish.  If  we  touch  the  ring  with  this 
disc  whilst  the  negatively  electric  body  r  is  so  near  it 
^^^^  that  the  pendulums  diverge,  the  teat  disc  will  be 
charged  with  the  electricity  of  the  ring,  the  nature  of  which  wc 
shall  learn  by  bringing  near  the  disc  a  simple  electric  i>eudulum,  to 
which  electricity  has  already  been  impartt.'d.  Supposing  that  the 
simple  pendulum  has  been  made  +  electric  by  contact  with  a 
glass  rod,  it  will  be  repelled  by  the  test  disc,  since  the  latter,  us  well 
as  the  ring,  is  -f-  electric. 

This  experiment  may  be  conducted  as  follows.  AVe  must  attach 
to  each  hook-like  extremity  of  a  metal  rod,  supported  on  au  insu- 
lated glass  standi  a  couple  of  pendulums  having  conducting 
threads  made  cither  of  slender  metullie  wire  or  linen  threads. 
Both  these  double  pendulums  will  diverge  on  the  approach  of  an 
electric  body  r,  the  balls  of  the  one  pair  being  charged  with  + , 
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and  the  other  with  —  electricity.     On  removing  the  body  r,  the 

no.  848. 


pendulums  will  again  approach  each  other,  because  the  separated 
electricities  then  iminediatoly  combine. 

A  body  electrified  by  induction  acts  on  its  part  again  by  induc- 
tion upon  other  bodies  brought  sufficiently  near  it,  that  is,  within 
its  sphere  of  activity,  which  may  extend  to  a  considerable  distance. 
A  glance  at  Figs.  349  to  352  will  suffice  to  show  the  arrangement 


nc.  349. 


ric.  350. 
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no.  352. 


that  must  be  made  in  order  to  demonstrate  the  truth  of  this 
by  experiment ;  m  is  the  conductor  of  an  electrifj-ing  machine,  c 
one  insulated  metallic  cylinder,  c'  another,  b  a  metuUic  ball,  and  b* 
a  pith-ball. 

If  by  means  of  a  conducting  medium  we  bring  an  insulated 
conductor  (electrified  by  induction)  into  contact  with  the  groimd 
while  the  electric  body  still  acts  inductive  by  its  approximation, 
all  the  repelled  electricity  will  be  carried  off  by  the  earth,  and 
the  iuKulated  conductor  will  only  remain  charged  with  the  elec- 
tricity attracted  from  the  inductive  body  r.     If  we  again  destroy 


336 


ELECXaiCITY    BY    INDUCTION. 


the  communication  with  the  earthi  and  remove  r,  the  msulitcd 
conductor  will  be  charged  throughout  its  whole  extent  with  the 
same  electricity. 

The  apparatus  in  Fig.  346,  made  in  a  somewhat  different  form, 
servca  admirably  as  an  electroscope.  Care  must  be  taken  that  tlie 
pendulums  arc  secured  in  a  gloss  vessel^  in  order  to  hinder  tbt 
injurious  interference  of  external  influences,  as  currents  of  air,  &t., 
besides  which,  the  conducting  system  must  be  carefully  insulatwl 
The  pendulums  may  be  formed  of  blades  of  straw,  and  balls  made 
of  the  elder  pith,  suspended  to  metallic  thre^ids,  or  of  metilk 
plates. 

Fig.  853  represents  a  gold  leaf  electrometer.  A  glass  tube 
passed  through  the  opening  of  the  glass  vessel,  hanng  a  metal  rod 
covered  with  shell-lac  varnish  fastened  to  it,  and  penetrating  inUi 
the  vessel,  while  the  gold  leaf  pendulums  are  fastened  to  the 
lower  extremity  of  this  metallic  rod ;  a  metal  plate  is  screwed  oo 
the  top. 


no  363. 
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In  order  to  be  able  to  measure  the  divergence  of  the  pendnlumi, 
a  graduated  arc  is  either  introduced  into  the  interior  of  the  glui 
vessel,  or  instead  of  this  a  glass  box  is  used,  as  represented  in  Fig. 
354,  on  the  side  of  which  the  graduated  arc  is  sewed. 

The  experiment  shown  in  Fig.  34C  may  also  be  made  by  the 
above  deliuL'iited  electroscope.  If  we  place  above  it  an  electric 
body,  as  a  rubbed  glass  rod,  for  instance,  the  pendulums  will 
diverge ;  the  nature  of  the  electricity  collected  in  the  upper  plate, 
may  be  ascertained  by  means  of  the  test  disc,  it  being  the  contnuT 
to  that  of  the  approximating  body  r. 
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K  we  wiah  to  examine  into  the  nature  of  the  electricity  of  any 
ly,  the  electroscope  must  be  charged  bcforehanil  with  a  kind  of 
electricity  with  which  we  are  acquainted^  and  this  may  be  done  by 
bringing  a  body  r,  whose  electricity  is  knowuj  near  the  apparatus, 
and  touching  the  plate  with  the  iinger.  By  this  means  all  the 
repelled  electricity  is  carried  ofif,  there  remaining  only  the  portion 
attracted  and  accumulated  upon  the  plate.  It  in  to  a  certain 
extent  combined,  that  is  to  say,  it  cannot  escape,  being  attracted  by 
r,  on  which  account  the  pendulums  do  not  diverge;  immediately, 
however,  on  removing  the  finger  and  the  body  r,  the  penduluma 
no.  J55.  will  diverge  as  the  electricity  which  was  com- 

bined with  the  plate  by  the  body  r  disperses* 
itself  freely  over  the  whole  insulated  system, 
consequently  also  over  the  pendulums.  The 
electricity  with  which  the  electroscope  is  in 
this  manner  charged  must  naturally  be  con- 
trary to  that  of  the  body  r ;  thus,  if  wc  want 
a  negative  charge  we  may  make  use  of  a  glasa 
rud  rubbed  with  silk,  since  this  is  +  electric. 
If  we  bring  an  electric  body  to  the  charged 
eleetroscoiM;,  the  divergence  of  the  pendulums 
will  either  be  increased  or  diminished  in  con- 
sequence. It  will  be  increased  if  the  elec- 
tricity of  the  body  to  be  examined  be  the 
same  as  that  imjiarted  to  the  apparatus,  for 
by  its  approximation,  the  elcctricitica  of  the 
clrctroacope  arc  more  thoroughly  decomposed  than  was  the  case 
before,  and  more  electricity  of  the  same  kind  as  that  already  in 
the  pendulums  ia  imparted  to  them,  when  their  divergence  mus^ 
consequently  increase. 

If  the  approximated  body  be  of  the  contrary  electricity  to  that  im- 
parted by  the  electroscope,  the  divergence  diminishes  as  the  electricity 
is  withdrawn  from  the  pendulum  and  drawn  into  the  plate,  "What- 
ever be  the  electricity  with  which  the  apparatus  is  charged,  there 
will  still  be  undecomposcd  electricities  in  the  apparatus  which  will 
be  decomposed  by  the  apiiroximated  body  ;  if  the  electricity  in  the 
latter  be  contrary  to  that  present  in  the  electroscope,  the  amount 
of  electricity  already  developed  will  be  drawn  into  the  plate,  while 
the  other  will  be  m-ged  into  the  pendulums,  the  divergency  of  which 
must  therefore  diminish.  At  a  definite  distance  from  the  approxi- 
mated body,  the   electricities  will   neutralize  each  other  in   the 
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peudulums,  which  will  then  fall  closely  together.     If  the  body  to  be 
tested  be  brought  still  nearer^  the  pendulums  will  again  divcr^ 
but  with  electricity  of  a  Lixid  contrary  to  that  wkich  made  thou 
previously  diverge. 
The  divergence  of  the  pendulums  likewise  diminishes  on  brin^ 


no.  356. 


nc.  357. 
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ing  a  non*r<  near  the  charged  electroaoo])c.     This  foIloTi 

as  the  necessary  consequence  of  the  laws  of  electric  induction. 

On  uniting  two  sLmilar  electroscopes  by  an  insulated  coudactor, 
and  bringing  an  electric  body  r  near  one  of  them,  the  pendulumi  in 
both  jars  will  diverge,  the  one  from  + ,  and  the  other  from  — 
electricity.  On  removing  the  connecting  conductor  (wc  mustj  of 
course,  hold  it  by  the  insulated  handle)  the  pendulums  will  not 
meet  agaiii}  eveu  after  the  removal  of  the  body  r  effectisg  the 
induction,  owing  to  the  separated  electricities  having  no  way  by 
which  they  can  pass  back  to  each  other.  Wc  may  know  that  tlir 
electricities  in  both  apparatus  arc  of  ditfcrcnt  natures,  by  bring- 
ing the  same  electric  body  first  to  the  one,  and  then  the  otha 
electroscope,  when  we  shall  see  them  diverge  in  the  one  case,  and 
collapse  in  the  other. 

Tlie  above  described  phenomena  of  attraction  ean  also  be 
explained  by  the  laws  of  electric  induction.  If  a  body  id  a 
natural  condition  be  brought  near  one  that  is  electric,  its  electri- 
cities will  be  decomposed.  This  will  also  be  the  case  with  the  coA 
ball  of  the  simple  electric  pendulum.  If  it  be  suspended  by  a 
silk  thread,  the  repelled  electricity  cannot  escape  from  the  baD, 
but  will  be  urged  to  the  reverse  side  of  the  ball,  whilst  the 
attracted  electricity  will  be  accumulated  in  the  front.  A* 
the  attracted  electricity  is  nearer  to  the   body  from  which  the 
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action  proceeds,  the  attraction  will  be  stronger  than  the  repulsion  \ 
the  force  urgiiig  the  ball  towards  the  clectnc  body  will  be  equal  to 
the  difference  of  these  two  opposite  forces  -f^  very  small  removal  of 
the  electric  body  will,  therefore,  be  fuUow^yl  by  attraction,/  The  ^v-^* 
action  will  be  far  stronger  where  the  ball  is  suspended  to  a  con — ^^^ 
ducting  thread,  as  iu  that  case  the  repelled  electricity  can  escape, 
and  the  attraction  will  consequently  not  be  weakened. 

A  ball  of  shell-lac  is  not  attracted  by  the  approximation  of 
an  electric  body,  as  the  approximated  body  is  only  capable,  with  t^ 
difficulty,  of  cauaing  induction.  This  phenomenon  resembles 
what  may  be  seen  in  the  case  of  a  magnet,  which  easily  occasions 
a  magnetic  induction  in  a  piece  of  soft  iron«  but  can  only  effect 
the  aame  in  a  piece  of  steel  with  extreme  diificulty. 

Tht   Elecirophorus   is   one   of    the   moat    important   electrical 
apparatuses,   and   may    in    many   eases   replace    the   electrifying 
machine.      It  consists  of  a  cake  of  resin,  which,  as  seen  in  Figs. 
356  to  359,  is  fused  in  a  plate  of  metal,  or  a  cake  of  resin  simply 
no.  360.  laid  upon  a  sontewhat  larger  metal  plate. 

It  is  very  important  that  the  surface  of 
the  cake  of  resin  should  be  as  smooth 
as  possible.  On  this  cake,  the  surface 
of  which  has  been  made  negatively  elec- 
tric by  striking  it  with  a  fox-tail  or  cat's- 
skin,  we  place  a  metal  cover  provided 
with  an  insulated  handle  m.  The  elec- 
tricity of  the  cake  of  resin  acts  induc- 
^  tivcly  upon  the  two  electricities  hitherto 

combined  in  the  cover,  the  +  electricity 
is  attracted,  the  —  electricity  repelled; 
irtiK  r  will,  rli.  i^lVire,  accumulate  in  the  lower  part  of  the 
cover,  and  the  latter  in  its  u])pcr  part.  On  bringing  the  knuckle 
of  the  finger  near  the  cover,  a  spark  will  be  elicited,  and  on 
touching  the  cover  with  the  finger  all  the  —  electricity  will  escape, 
H-  electricity  alone  remaining,  which,  however,  is  combined  with 
the  "—  electricity  of  the  cake  of  resin,  as  long  as  the  cover  is 
on;  but  if  this  be  removed,  the  4-  electricity  will  be  Uberatcd, 
and  we  may  draw  a  spurk  of  -f  electricity  from  the  cover. 

If  the  cake  of  resin  be  laid  directly  upon  a  metal  plate,  there  is 
less  fear  of  the  cake  cracking  by  the  change  of  temperature,  as 
may  easily  be  the  case,  owing  to  the  unequal  expansion  of  the 
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metal  and  resin  in   melted  cakes.     The  best  substance  for  an 
elcctrophorus,  is  shell  lac  mixed  with  Venice  turpentine. 

Zinc  may  be  used  as  the  material  for  constructing  the  mctalLe 
plate  on  which  the  resin  cake  is  laid.  The  cover  is  generally  of 
brass,  and  has  its  edge  rounded  off.  Covers  of  glass,  wood,  w 
pasteboard  answer  the  purpose,  however,  when  coated  with  tin- 
foil ;  but  care  must  be  taken  to  have  the  under  Burface  lying  ou  t^ 
cake  of  resin  as  smooth  as  podsible.  In  the  place  of  an  insnlated 
glass  handle, 


three  silk  cords.  '^^ 

The  EleciTifying  Machine  consists  of  a  nibbing  body,  a  rubber; 
and  an  insulated  conductor. 

The  rubbing  body  is  generally  a  horse-hair  cushion.  The 
rubbing  surface,  a  piece  of  leather  covered  with  amalgam. 

The  body  rubbed  is  a  glass  disc  or  cylinder. 

The  insulated  conductor  is  generally  a  system  of  hollow  con- 
ductors made  of  brass  plate,  spherically  rounded  at  the  cxtremi- 
tics,  and  supported  by  glass  legs  varnished  with  shell  lac. 

Many  different  forms  have  been  given  to  the  electrifying 
machine^  the  one  most  in  use  is  represented  in  Fig.  362.    The 

no.  SG2. 


TBE    BLKCTRIPYINO    MACHINE. 


841 


no.  364. 


diameter  of  the  glass  plate  a  varies  from  20  to  60  inches.  Aa 
is  passes  through  an  opening  in  its  centre,  and  supports  the 
winch  b.  The  pillars  d  bear  the  plate,  and  hkewisc  the  couple  of 
pairs  of  cushions  e  and  e',  which  rub  the  plutc  from  the  edge  to 
»boQt  I  or  I  of  its  diameter.  The  conductor  ffff  is  insulated 
by  the  columns  A,  and  terminates  in  two  arms  i,  which  press 
round  the  plate  across  its  horisontal  diameter. 

Figs.  363  and  364  exhibit  more  plainly  the  arrangement  of  the 
cushions,  and  the  manner  iu  which  they  are  secured. 

If  we  turn  the  glass  disc  round 
by  means  of  the  winch^  it  will 
become  positively  electric  by  the 
friction  against  the  leather  cushion 
covered  with  amalgam.  Alter 
turning  the  disc  one  quarter  round, 
one  spot  on  the  disc  lying  between 
the  cushions  always  comes  to  the 
arms  t.  The  +  electricity  of 
the  glass  acts  here  dccomposingly 
upon  the  conductor ;  the  —  elec- 
tricity is  attracted  and  flows  over 
the  glass,  and  then  brings  it  back 
to  its  former  condition,  that  is, 
neatralising  more  or  less  entirely  its  +  electricity.  This  latter 
electricity  remains  upon  the  conductor. 

In  order  to  prevent  the  electricity  of  the  glatw  from  being 
waated  in  the  air,  on  its  passage  from  the  rubber  to  the  arm  i, 
the  disc  is  protected  on  both  sides  by  pieces  of  oil-silk.  It  is 
necessary  to  rub  the  glass  tegs  and  the  disc  with  warm  woollen 
cloths,  or  with  heated  dry  blotting-paper  before  using  the  appa- 
ratus, in  order  that  it  may  work  efficiently. 

The  —  electricity  of  the  rubber  passes  to  the  ground,  and  its 
escape  ia  necessary,  since  if  it  were  to  remain  upon  the  cushion  it 
would  acquire  such  a  degree  of  tension  as  partially  to  flow  over  the 
glass  plate,  and  partially  neutralise  the  +  electricity.  Tlie 
electricities  that  are  liberated  by  friction  miist  immediately  be 
carried  off  at  the  spot  where  they  arc  set  free,  otherwise  we  should 
l>e  unable  to  develop  electricity  again  at  the  same  place. 

Glass  cylinders  arc  used  as  well  as  the  plates  in  the  construction 
electrifying  machines.  Fig.  365  represents  a  cylinder-machine, 
ich,  as  usual,  is  so  arranged  that  positive  and  negative  electricity 
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may    be    engcndcrctl    at 
will  J  a  is  the  glasa  cylinder 
revolving  upon  a  horiion- 
tal   axis   d,     and     rubbed 
throughout       its       whole 
length  by  a  single  cushion 
e.     This  eushion   is  con- 
nected with  a   coudactor 
r.     The    conductor  v  is 
diametrically  opposite  to 
the  cushion  e,  and  is  prtK 
vided  with  points  on  the 
side  turned   towards  the 
cyhnder.     The  upper  half 
of    the    cylinder   is   pro- 
tected  by  a  piece  of  oil 
silk  fastened  to  the  rubber 
Cj  so  that  the  glass  rubbed 
at  e  may  not  lose  ita  elec- 
tricity on  its  postage  to 
the    conductor    r.      The 
latter  is  of  course  charged 
with  +  electricity.    If  we 
wish  for  a  powerful  char^ 


( 


^ 


THE    8TZAM    ELECTEIFYXNG    MACHINE. 


343 


of  4-  electricity  on  v,  we  must  put  the  conductor  r  in  connection 
'with  the  ground.  On  the  other  hand^  wc  must  take  care  to  enable 
the  -f  electricity  to  pass  freely  from  the  conductor  r,  if  we  want  to 
liave  a  strong  charge  of  —  electricity  on  the  conductor  r. 

The  steam  eUcirifymg  machine. — Msm  years  ago,  the  discovery 
^Bto  accidentally  made  in  England  that  a  boiler,  from  which  steam 
PBs  forcibly  propelled  through  a  small  aperture,  was  strongly 
electric ;  by  pursuing  this  discovery,  means  were  found  for  eon- 
verting  a  steam  boUer  into  an  electrifying  machine  far  surpassing 
in  \iA  action  every  known  apparatus  of  the  kind.  Fig.  3GG  repre- 
rto.  367.  sents  a  machine  of  this  description  of  medium 
size.  The  boiler,  which  is  44  centimetres  in  dia- 
meter, and  96  in  length,  rests  upon  four  glaas 
legs.  It  is  heated  internally  in  a  similar  manner 
as  the  boilers  used  in  steam-boatfl.  Fig.  367  is  a 
section  of  the  boiler. 

On  the  top  of  the  boiler  there  is  a  cap,  to 
which  a  short,  brass  tube  closeable  by  means  of 
a  cock  is  attached ;  the  conducting  pipes  may  be  screwed  on  the 
short  tub«,  and  will  ]jre8ently  be  deseribcd. 

Before  the  cap  there  is  a  safety  valve,  whose  weight  is  move- 
able, and  may  bo  far  project  that  the  steam  must  exert  a 
pressure  of  9(MbB.  on  the  square  inch,  before  it  can  raise  the 
valve. 

On  the  reverse  side  of  the  boiler,  there  is  a  glass  tube  connected 
above  and  below  with  the  boiler,  so  thut  we  may  by  this  tube,  see, 
as  in  locomutives,  the  height  at  which  the  water  stands. 

Fig.  368  represents  the  apparatus  with   its 

conducting  apertures,  delincHted  as  seen  from 

above.     The  cast  iron    tube  b  c   (Fig.   366), 

about  24*"  in  lengthj  and  5™  in  diameter,  is 

screwed  on  at  a.     From   this  tube   the  steam 

escapes  through  6  horiaoulal  tubes  </</',  which 

pass  through  a  box  of  brass-pliite  filled  with 

cold  water,  by  which  means  a  portion  of  tlic 

/  escaping  steam   is  condensed,   and  the  action 

considerably  increased. 

At  an  opening  o  in  the  upper  cover  of  the  box  F,  a  brass  tube 

is  put  on,  which   passes  at  »  (Fig.  360)   into  the  chinmey,  and 

gives  a  passage  to  the  steam  formed  in  the  box  F, 
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vta.  369.  Fig.  369  givea  a  section   of  the  conducting 

pipes  d'  represented  in  Fig.  368,  at  about  bilf 
their  actual  aizc.  At  the  end  of  the  tube  a  piece 
of  brass  M  N  is  screwed  on,  having  a  wooda 
plug  abed,  which  forms  the  end  of  the  eac&pc 
aperture.  This  longitudinally  bored  wooden 
cylinder  is  secured  to  its  place  by  a  abort  bnn 
cylinder  r  screwed  into  the  brass  work  M  N.  A  brass  plate  is  so 
placed  before  the  opening  of  the  bored  cylinder  r,  that  tlie  stem 
must  pass  along  the  winding  course  designated  by  the  antnr 
before  it  can  escape  by  the  opening. 

If  the  apparatus  in  Fig.  368  be  screwed  on  the  boiler,  and 
the  steam  have  the  necessary  force  of  tension,  the  separating 
cock  will  be  opened  by  turning  the  handle  i,  Fig.  366,  a  quarter 
round,  and  the  steam  escaping  with  force  from  the  six  openiugSi 
the  boiler  will  become  electric.  The  escaping  steam  has  the 
opposite  electricity  to  tliat  contained  in  the  boiler ;  in  order  to 
heighten  the  action  of  the  apparatus,  it  is  essential  to  let  the  steau 
escape  as  fast  as  possible,  and  this  is  best  effected  by  placing 
in  the  current  of  steam  a  row  of  metallic  points  fastened  to  i 
brass  rod  communicating  with  the  ground.  This  rod  or  stiff 
stands  on  a  glass  pedestal,  by  which  it  may  be  insulated,  to  pron 
that  the  steam  has  really  the  opposite  kind  of  electricity  to  that  of  ^ 
the  boiler. 

By  means  of  this  hydro-electrifying  machine,  a  battery  of  36 
square  feet  in  area  may  be  perfectly  charged  in  the  aptoe  <rf 
30  seconds. 

The  source  of  this  strong  development  of  electricity  is  not  owing; 
to  the  formation  of  gas,  as  we  might  at  first  be  inclined  to  believe, 
but  entirely  to  the  friction  against  the  sides  of  the  tube  of  the 
violently  escaping  steam  that  is  mixed  with  particles  of  water. 
That  such  is  really  the  case,  is  proved  by  the  escape  of  the  elec- 
tricity every  moment  the  safety-valve  is  opened,  although  the 
formation  of  steam  continues  in  the  meantime  uninterrupted. 

For  the  generation  of  electricity,  it  is  essential  that  the  already 
condensed  particles  of  water  should  be  carried  away  with  the 
escaping  steam  through  the  apertures,  an  object  which  is  effected 
by  the  condensation  apparatus  Fseen  in  Pig.  368.  If  the  escape 
pipes  be  of  sufficient  length,  we  may  dispense  with  a  special  cooling 
apparatus. 
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"When  the  opening  for  the  steam  is  formed  by  a  wooden  tube 
delineated,  the  boiler  will  be  in  a  state  of  —  electricity,  and  the 
Bteam  in  one  of  -|-  electricity ;  the  same  is  the  case  when  metal 
or  glass  is  used  for  the  purpose ;  and  if  an  ivory  tube  be  usedj  the 
boiler  will  scarcely  manifest  a  trace  of  a  charge.  On  applying  a 
little  oil  of  turpentine  to  the  mouth  of  the  tube,  the  boiler  will  be 
positively,  and  the  steam  negatively  electric. 
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Diminution  of  electrical  power  with  the  increase  of  distance. — The 
law  by  which  electrical  attractions  and  repulsions  diminish  in 
proportion  as  the  distance  increases,  may  be  shown  by  the 
oecillations  of  an  electric  pendulum.  We  must  let  a  small  shell 
lac  needle,  horizontally  suspended  by  a  silk  thread,  and  supporting 
mt  one  end  a  disc  of  electrified  gold  leaf,  oscillate  by  the  influence 
of  an  electrified  insulated  ball.  If  the  ball  and  the  disc  be  charged 
with  the  same  electricity,  the  disc  will  fonn  the  end  of  the  elec- 
trified pendulum  turned  away  from  the  ball ;  but  if  the  electricities 
of  the  disc  and  the  ball  be  different,  the  former  will  be  turned 
towards  the  latter.  We  may  in  like  manner  judge  of  the  accele- 
rating force  exercised  ou  the  electric  ])cndulum  by  its  oscillations. 
Prom  these  data  it  may  be  seen  that  electrical  attractions  and 
repulsions  stand  in  an  inverse  relation  to  the  squares  of  distance. 

Distribution  of  electricity  on  the  surfaces  of  conducting  btniies. — - 
As  long  as  a  body  remains  in  a  natural  condition,  that  is,  as  long 
as  the  two  electric  fluids  are  not  combined,  they  are  probably 
uniformly  distributed  through  the  whole  mass  of  the  body.  As 
soon,  however,  as  one  fluid  becomes  separated  from  the  other,  and 
conductor  is  charged  with  free  electricity,  the  individual  elements 
of  these  freed  electricities  will  act  repulsively  upon  each  other, 
retreating  as  far  apart  as  possible  until  checked  by  some  impe- 
diment. A  perfectly  gowl  conducting  body  cannot  oppose  any 
resistance  within  itself  to  this  dispersion  ;  the  electricity,  there- 
fore, distributes  itself  over  its  surface,  and  would  be  still  further 
dispersed  if  the  body  were  in  a  space  easily  penetrated  by  the  elec- 
tricity.    Electricity  always  distributes  itself  over  the  surface  of  a 
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conductor,   on  which  it   is  retained  by  the  atmoephere,  which   i 
envelop*  it  as  if  it  were  a  non-conducting  layer.  I 

The  following  experiment  will  show  in  the  simplest  manner 
that  electricity  only  distributes  itself  over  the  aurface,  and  not 
through  the  interior  of  bodies. 

A  ball  7  or  8  inches  in  diameter^  and  having  a  bdloff 
8  or  10  lines  in  breadth^  and  1  inch  in  depth,  must  be  insulated 
and  charged  with  electricity ;  if  now  we  touch  this  ball  in  an; 
part  with  a  test  disc,  it  will  become  charged  with  electricity, 
while  on  touching  the  bottom  of  the  hollow  with  the  test  disc  it 
will  not  be  removed  from  its  natural  condition.  Let  ua  no* 
consider  the  manner  in  which  electricity  distributes  itself  over  the 

surface  of  bodies.  £l/kA>uy^ 

If  we  electriiy  an  insulated  "body,  the  law  of  symmetry  requira 
that  the  electricity  should  distribute  itself  uniformly  over  the 
whole  surface,  forming  everywhere  a  layer  of  equal  density.  Wc 
may  convince  ourselves  by  experiment  that  such  is  the  case.  U, 
for  instance,  we  touch  the  clcctritied  ball  at  any  spot  with  the 
test  disc,  the  latter  will  immediately  form  as  it  were  an  element 
of  the  spherical  surface,  as  large  a  quantity  of  electricity  distri- 
buting itself  over  its  surface  as  there  was  upon  the  portion 
of  the  sphere  covered  by  the  disc ;  the  strength  of  the  electriii 
charge  in  the  disc  may  be  determined  after  its  removal  from  the 
sphere  by  bringing  it  into  contact  with  the  plate  of  an  electroscope. 
The  divergency  of  the  pieces  of  gold  leaf  will  be  the  same,  at 
whatever  part  of  the  ball  we  attach  the  disc. 

If  the  insulated  conductor  to  be  electrified  be  not  spherical, 
no  equal  distribution  of  the  electricity  will  take  place^  that 
is  to  say,  the  electrical  layer  distributed  over  the  body  will  not 
be  everywhere  equally  dense.  If  by  the  aid  of  a  test  disc,  we 
test  the  density  of  the  electricity  at  different  parts  of  a  cylinder 
with  rounded  ends  (Fig.  370),  we  shall  find  the  density  of  the 
Fio.  370.  electricity  greater  at  the  extremities  than  in 

the  middle.  The  disc  will  be  much  more 
strongly  charged  on  holding  it  to  the  end  (^ 
the  cylinder,  in  such  a  manner  that  its  edge 
shall  not  touch  the  top  of  it,  but  that  its  planr 
shall  lie  in  the  line  of  prolongation  of  the  axis  of  the  cylinder. 
Similar  results  are  obtained  by  examining  the  electrical  condition 
of  a  disc,  for  instance,  the  cover  of  an  electrophorus.  We 
easily  understand   that  a  distribution  of  electricity   must 
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on  the  surface  of  bodies  possessing  unequal  expansion  in  different 
directions,  for  in  consequence  of  the  mutual  repulsion  of  the 
separate  particlta  of  the  electric  fluid,  these  particles  will  retire 
as  far  as  possible  from  the  middle  of  the  body,  accumulating  in 
ha  remotest  projections. 

The  more  a  body  departs  from  the  spherical  form,  the  less 
equally  is  electricity  distributed  over  its  surface,  and  the  more 
docs  it  collect  at  the  points  lying  most  (^motc  from  the  middle, 
and  that  in  proportion  to  the  want  of  Sftimy  in  those  parts.  It 
follows,  therefore,  that  if  a  point  be  brought  near  an  insulated 
conductor^  the  electricity  will  have  an  extraordinary  density  at 
this  pointed  end.  But  the  denser  the  electricity  is  at  any  point,  the 
sooner  will  it  be  able  to  overcome  the  resistance  of  the  air,  which 
•trives  to  keep  it  upon  the  body.  Hence  it  happens  that  electricity 
flows  so  readily  from  sharply  pointed  bodies. 

Wc  might  adduce  a  number  of  experiments  by  which  this 
power  of  pointed  bodies  is  manifested,  but  we  will  limit  ourselves 
to  a  few  illustrations. 

1.  On  putting  a  point  to  the  end  of  the  conductor  of  an  clec- 
triiying  machine,  it  will  be  found  impossible  to  charge  it  in  such 
a  manner  as  to  draw  sparks  from  it.  All  the  electricity  engen- 
dered by  the  turning  of  the  machine  being  immediately  discharged 
by  the  point. 

2.  In  the  same  manner,  on  bringing  a  point  that  is  in  connec- 
tion with  the  ground  within  a  few  decimetres  of  the  conductor  of 
the  machine,  it  will  be  equally  impossible  to  charge  the  conductor. 
The  electricity  of  the  latter  decomposing  the  combined  electrici- 
ties of  the  point,  and  repelling  the  like  kind,  while  it  will  attract  the 
contrary,  and  this  contrary  electricity  will  accumulate  with  such 
force  at  the  point  as  to  pass  over  to  the  conductor  and  neutralize 
the  electricity  of  the  latter. 

On  the  above  mentioned  property  of  pointed  bodies  rests  the 
construction  of  lightning  conductors. 

Angles  and  sharp  edges  to  conducting  bodies  act  similarly  to 
points.  It  is,  therefore  essential,  carefully  to  avoid  all  angular 
forms  in  the  constniction  of  any  apparatus  destined  to  retain  elec- 
tricity. 

On  bringing  an  insulated  electric  conductor  near  another  con- 
ductor, the  distribution  of  the  electricity  on  the  surfaces  will 
experience  considerable  madilications.  If  we  bring  an  electnc 
insulated  sphere  near  another  body  of  the  same  kind,  likewise 
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insulated  and  charged  with  the  same  electricity,  there  wiQ  do 
longer  be  an  viaiform  di»tribution  of  electricity  upon  the  surface. 
Afl  the  electricity  of  the  one  sphere  repels  that  of  the  other,  thf 
density  of  the  electricity  will  be  the  moat  inconsiderable  at  ihcwc 
points  of  the  spheres  turned  towards  each  other,  and  greatest  at  the 
moat  remotely  opposite  points.    Figs.  371  and  872,  represent  two 

balls.  At  a  and  h  th« 
density  of  the  electricity  ii| 
at  the  minimum,  at  e 
f/  it  is  at  the  maxim 
The  nearer  we  bring  the 
two  baUs,  the  more  will  ihf 
density  dimiuish  at  a  and 
b,  and  increase  at  c  and  c 
If  we  bring  these  Bphciw 
into  contact,  the  density  of 
the  electricity  will  be  naQ 
at  the  point  of  contact.  If  the  two  spheres  had  been  charged  with 
opposite  ck^ctricities,  we  should  have  found  the  greatest  density  al 
a  and  b,  and  the  smallest  at  c  and  d.  The  accumulation  of  dec- 
tricity  increases  at  a  and  b  on  bringing  the  spheres  near  together, 
until  at  last  a  spark  is  emitted. 

A  non-electric  conductor,  on  being  brought  near  an  electrified 
insulated  conductor,  will  act  similarly  to  a  body  charged  with  the 
opposite  electricity,  as  it  becomes  electric  by  induction  or  approxi- 
mation to  the  conductor. 


CHAPTER    IV. 


OP   COMBINBn    ELECTRICITIES. 


Wc  have  already  seen  that  if  two  insulated  conductors  charged 
with  opposite  electricities  be  separated  by  a  layer  of  air,  the  elec- 
tricity of  the  one  will  attract  that  of  the  other,  in  such  a  manner 
that  we  may  alternately  put  either  body  in  connection  with  the 
ground  without  its  electricity  being  entirely  carried  off.  In  Pigs. 
371  and  372  for  instance,  the  ball  to  the  left  is  charged  with  + ,  and 
that  to  the  right  with  — electricity,  and  we  alternately  touch  either 
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with  the  finger  nrithout  the  char^  being  lost.  The  electricity  on 
the  one  sphere  is  attracted  by  the  op|>osite  electricity  of  the  other 
sphere,  and  is  thua  prevented  from  escaping,  being  combined. 
The  nearer  we  bring  these  two  kinds  of  electricity  to  each  other. 
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the  more  strongly  will  they  be  mutually 
attracted,  and  the  more  perfect  will  be  their 
combination  ;  if,  however,  the  two  conductors 
be  separated  only  by  a  layer  of  air,  the  com- 
bination will  not  be  perfect,  aH  we  cannot 
bring  them  very  near  each  other  without  the 
layer  of  air  being  broken,  and  a  spark  emitted. 
To  make  the  combination  as  perfect  as  pos- 
sible, the  two  conductors  charged  with  oppo- 
site electricities  must  in  the  place  uf  air  be 
separated  by  some  other  insulator  capable  of 
opposing  a  greater  resistance  to  the  passage  uf 
electricity,  and  far  this  purpose  glass  or  resin 
answers  best. 

The  Franklin  plate  is  eapecially  well  adapted  to  facilitate  the 
examination  of  the  properties  of  combined  electricity.  Fig.  373 
represents  a  glass  plate,  the  sides  of  which  are  about  1  foot  in 
length.  The  middle  of  the  glass  on  cither  side  is  covered  with  tin 
fSoilj  leaving  a  free  margin  all  round  of  about  a  hatkl's  breadth. 
We  may  varnish  over  the  uncovered  parts  of  the  glass  in  order  the 
better  to  insulate  them.  If  we  charge  the  front  part,  covered  with 
the  tin  foil,  with  + ,  and  the  reverse  side  with  —  electricity,  the 
opposite  electricities  will  be  separated  from  each  other  merely  by 
the  thickness  of  the  glass  disc,  this  they  are,  however,  unable  to 
penetrate,  and  thus  the  combination  will  be  tolerably  well 
effected. 

To  charge  the  two-coated  sides  of  the  Franklin  plate  with  opposite 
electricities,  it  is  unnecessary  to  bring  each  into  connection  with  the 
source  of  electricity.  If  we  bring  one  side  (the  front  one)  into 
communication  with  the  conductor  of  the  electrifying  machme,  a 
portion  of  the  +  electricity  will  pass  off  from  the  conductor  to  the 
coated  surface.  The  electricity  of  the  front  surface  acts  induc- 
tively upon  the  combined  electricities  of  the  back  surface ;  and  as 
soon  as  we  place  it  in  communication  with  the  ground,  the  -f 
electricity  will  pass  into  the  ground,  while  the  —  electricity  will 
be  induced  to  the  reverse  surface.  But  the  —  electricity  of 
the  reverse  side  acts  renulsivcly  upon  the.  A, electricity  of  the  front 
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side,  thus  enabling  electricity  to  pass  again  from  the  conductor  Id 
the  front  coated  snrface,  which  again,  by  its  UpASiti'^amSt 
increases  the  —  electricity  of  the  reverse  side.  Wc  may  in  tUft 
manner  easily  charge  one  coated  surface  with  -f ,  and  the  other  wHk 
—  electricity. 

However  small  the  distance  separating  the  two  9uiface«j  die 
mutual  combination  is  not  perfect.  In  order  to  have  the  ekc> 
tricity  perfectly  combined  on  the  one  side^  it  is  neoeaaary  tiiit 
there  should  be  an  excess  of  electricity  on  the  otheTj  ib^  it> 
that  free  electricity  must  be  present.  On  touching  the  on^  mM 
surfac^of  a  charged  Franklin  plate  with  the  finger,  while  Uk 
other  side  (the  front  for  instance)  is  no  longer  in  connection  witk 
the  conductor,  wc  can  only  bring  off  a  portion  of  electricity,  whOc 
a  strong  charge  of  —  electricity  perfectly  combined  remains  upaa 
the  ■matflga^-surfacc.  In  order,  however,  to  have  this  —  elcctririty 
perfectly  combined,  it  is  indispensably  necessary  that  there  sboulil 
be  an  excess  of  +  electricity  on  the  opposite  side.  We  may  easily 
convince  ourselves  that  such  is  the  case.  If  after  all  the  aoo- 
combined  —  electricity  of  the  reverse  side  has  been  carried  off,  wt 
touch  the  front  coated  surface  a  faint  spark  will  be  emitted  on  ik 
approximation  of  the  tingei',  which  proves  that  free  electriatj  in 
present.  If  now  we  remove  aU  the  free  +  electric  itj'  from  tk 
front  side,  there  will  again  be  free  —  electricity  on  the  oppoiite 
side,  and  we  may  draw  a  faint  spark  from  the  reverse  oiMtfld 
surface,  &c. 

Tlie  excess  of  electricity  which  must  be  present  on  the  oot 
surface,  in  order  perfectly  to  combine  the  opposite  electricity  oo 
374.  the  other  side^  may  be  made  apparent  to  the  eye 
We  must  secure  with  wax  a  Ught  electric  pendulum 
on  each  side  of  the  disc  in  the  manner  represented 
in  Fig.  374,  which  shows  a  diagonal  section  of  the 
disc.  On  the  side  on  which  there  is  free  electricity, 
the  pendulum  wUl  be  repelled,  while,  on  the  other 
side  it  will  remain  hanging  vertically,  and  in  contact 
with  the  coated  surface.  If  we  touch  the  jiendiUom 
on  the  one  side  where  there  is  free  elex'tricity,  tbs 
pendulimi  will  fall  while  the  one  on  the  opposite 
side  Mill  rise.  We  may,  therefore,  by  alteniafidy 
touching  one  or  other  of  the  sides  make  either 
dulum  rise. 
This  phenomenon  may  be  easily  explained.   U  there  be  ■ 
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jf  -f-  electricity  on  the  one  side,  it  will  act  attractirely  upon  the 
electricity  on  the  other  surface,  as  well  as  upon  the  little  electricity 
in  the  ball  of  the  pendulum.  The  —  electricity  certainly  repels 
)h»  —  electricity  in  the  ball,  but  the  force  with  which  the  excess  of 
+  electricity  attracts  the  negative  ball  is  greater  than  the  force  of 
repulsion.  On  carrying  off  the  excess  of  +  electricity,  the  libe- 
tmted  —  electricity  distributes  itself  partially  over  the  ball  which  ia 
BOW  repelled,  there  being  no  excess  of  -f  electricity  present  on  the 
other  aide  to  hold  it  buck. 

The  ai)paratu8  will  by  degrees  become  wholly  discharged^  if  we 
continue  alternately  to  touch  the  two  surfaces  with  the  finger,  and 
thus  remove  all  the  free  electricity  on  the  one  side.  If  we 
touch  both  surfaces  at  once,  or  by  any  other  means  put  them  into 
connection  with  each  other,  the  discbarge  will  take  place  all  at 
once,  while  the  accumulated  opposite  electricities  of  the  two  surfaces 
will  pass  iu  this  manner  from  one  to  the  other.  The  discharging 
rod  represented  in  Fig.  375  is  commonly  used  for  this  purpose. 
It  consists  of  two  curved  brass  rods  h  c  and  b*  c, 
which  are  united  at  c  by  a  hinge.  Each  arm  of 
the  dischaz^ng  rod  terminates  in  a  small  brass 
ball  b  and  6',  and  is  also  provided  with  an  insu- 
lated handh;  m  and  m'.  W'e  must  touch  one 
Borface  with  one  of  the  balls,  and  on  approu- 
mating  the  other  to  the  opposite,  a  spark  of  vivid 
light  will  be  emitted  at  a  certain  distance  with 
loud  explosion. 

The  Leijden  jar  is  in  principle  nothing  but  a  modification  of 

Franklin's  plate,   and  consists    of  a 
glass  vessel  covered   externally  with 
tin  foil  to  within  a  few  inches  of  the 
rim  ;  internally,  the  vessel  is  similarly 
coatcdj  or  filled  with  some  conducting 
substance,  as  iron  filings  or  small  seed. 
The  inner  coating  is  connected  with  a 
brass  rod  passing  through  the  stopper 
or  cover  of  the  vessel,  and  ending  in 
a  knob.     Figs.  376  and  377  rcpre- 
two  forms  of  the  Leyden  jar.    The  port  of  the  glass  that  is 
not  covered  must  be  varnished.     To  charge  the  jar,  the  external 
coating  must  be  brought  into  connection  with  the  ground,  and  the 
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knob  with  the  conductor  of  the  machine.  We  may,  hovnfOr 
reversely,  put  the  inner  coating  into  comicction  with  the 
and  connect  the  external  one  with  the  conductor  of  the  machxiK.] 
Leydcn  jars  often  discharge  themselves,  when  cither  a  spark  iij 
emitted  from  the  external  coating  to  the  metal  rod,  or  the  glaa 
broken.  In  the  latter  case  the  jar  becomes  of  course  unfit  for] 
further  use.  When  we  use  several  conducting  bodies  to  dischargsj 
a  jafj  the  electricity  will  immediately  pass  over  to  the  best  ooo- 
ductor.  If  we  press  a  metal  wire  with  one  hand  to  the  extcniilj 
coatingj  we  may  with  impunity  hold  the  opposite  end  of  the  wnr 
to  the  knob  with  the  other  hand,  the  electric  shock  passing  through* 
the  wire  and  not  the  body ;  to  effect  this  the  wire  must  not, 
however,  be  very  thin. 

In  order  to  obtain  a  very  strong  charge,  it  is  necessary  to  uat 
very  large  jars,  either  separate  or  connected  in  one  electric  battery. 
Fig.  378  represents  an  apparatus  of  this  kind.     All  the  externftl 

coatings  of  the  jars  are  in  oin- 

ncction  with  each  other,  as  wtU 

the  inner  coatings. 


pxo.  378. 


as 


When  the  electric  shock  pi 
from  a  Leyden  jar  through  cbc 
human  body,  it  produces  s  sen- 
sation which  it  would  be  diff* 
cult  to  describe,  au  invuluntiry 
couNTilsion  of  the  nerves.  Tbf 
best  manner  of  trying  the  eipr- 
rimcnt  upon  oneself  is  to  laj 
one  hand  upon  the  external  coating,  and  with  the  other  grasp  the 
knob.  In  a  weak  discharge,  the  shock  is  only  perceptible  in  (hr 
fore  part  of  the  arm,  if  it  be  stronger,  we  then  feel  it  in  the  uppCT 
arm,  producing  an  even,  sharp  pain  in  the  breast,  and  very  strong 
shocks  may  prove  dangerous.  Powcrfiil  batteries  arc  not  ncow- 
sary  if  we  want  to  kill  smaller  animals,  as  birds,  hares,  &c.  by  sn 
electric  shock,  the  larger  batteries  are  capable  of  destroying  ihf 
larger  animals.  Anatomical  examinations  of  the  bodies  of  the 
animals  killed  by  an  electric  shock  have  shown  that  there  ia  du 
injury  inflicted  on  the  organs  \  the  violent  contortions  cxhibiwL 
however,  in  the  bodies  where  the  shock  has  not  been  siifficientlv 
strong  to  produce  death,  manifest  the  degree  to  which  the  ntvtow  i 
system  has  been  affected. 
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If  several  persons  form  a  chain  by  holding  each  others  bands, 
all  will  simultaneously  feel  the  shock,  on  the  one  first  in  the  ring 
touching  the  external  coating  of  the  jar,  and  the  last  the  knob. 

We  may  ignite  combustible  lluids  much  nu>rc  securely  by  aid 
of  a  Ixryden  jar  than  by  a  8|)ark  direct  from  the  conductor  of  the 
machine.  Even  jmlvcrised  Colophony,  scattered  over  cotton  wool, 
and  gunpowder  may  be  ignited  by  the  sparks  of  u  discharge  of  a 
Ley  den  jar. 

Herdey's  general  discharging  rod  represented  in  Fig.  379  is 

n«.  379. 


very  convenient  in  many  cxpcrinicnts  which  may  be  made  with 
the  Lcyden  jars  and  the  electric  battery.  The  one  arm  ia  in 
connection  with  the  external  coating  by  means  of  the  chain  c« 
while  to  the  other  arm  is  secured  another  chain  c',  terminating  in 
the  insulated  ball  b.  If  we  want  the  spark  to  pass  through,  we 
must  take  hold  of  the  insulated  handle  of  the  ball  6,  and  bring  it 
quickly  to  the  knob  of  tlie  bottle.  The  spark  will  strike  at  b 
between  the  two  balls  d  and  f,  lying  on  an  insulated  plate. 

If  the  balls  d  and  /  be  united  by  a  very  thin  iron  wire,  the 
latter  wdl  be  heated  on  letting  a  faint  charge  pass  through  it, 
while  a  stronger  charge  will  make  it  red  hot,  and  one  still  stronger 
than  the  former  will  cause  it  to  fly  asunder  in  separate  melted 
globules,  which  will  be  thrown  to  a  great  distance. 

Bad  conductors,  that  interrupt  the  course  of  the  discharge, 
are  broken  in  fragments  or  tilled  with  holes,  if  the  accumu- 
lation of  the  electricity  be  sufficiently  considerable.  A  wooden 
disc,  for  instance,  from  3  to  4  inches  in  diameter,  and 
from  3  to  5   lines  in  thickness,  is  penetrated  by  the  discharge. 

A    A 
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The  same  thing  occurs  with  respect  to  one  or  more  CAnls,  ptatt- 
board  covers,  &c.  To  make  this  experiment,  we  must  plaor  ibf 
boilies  wc  wish  to  penetrate  between  the  balls  of  Htnlaft 
(li»eharging  rod,  in  such  a  manner  that  the  latter  may  be  in 
contact  with  the  intervening  bodies. 

The  Condenser. — Prttperly  speaking,  every  apparatus  in  irhicb 
combined  ekctricity  is  accumulated  is  a  condenser ;  conseqnemly, 
the  Franklin  plate  and  the  Leyden  jars  may  be  considered  u 
condensers.  The  term,  howo-er,  is  generally  limited  to  tlKwe 
apparatus  that  ser\'e  to  make  clcctricitv,  possessing  a  fecUc 
tension,  perceptible  by  condensation.  Condensers  consist  spemUy 
of  two  conducting  plates,  separated  by  a  non-conducting  nu'diuni. 
Passing  by  the  less  perfect  instruments  of  this  kiud,  we 
will  here  only  speak  of  the  condenser  used  in  combination  vitli 
the  gold  leaf  electrometer.  On  this  last  named  instrument,  we 
screw  a  metal  plate  as  seen  in  Pig.  380.  The  plate  must  be 
-g(.  smoothly  cut,    and    covered    on  it» 

^  up|>er  surface  with  a  very  thin  layer 

I  of  varnish,  composed  of  a  solution  of 

I  shell  lac  in   spirits  of  wiue,  put  on 

I  lightly  with  a  brush   while  in  a  \rrj 

I  fluid  state,  on  which  it  will  rapidly 

^^^^^^  dry-      ^\p   now  take  a    second   plate 

similarly  prepared  and  provided  with 
an  insidated  handle,  and  place  its  nr> 
nishcd  surface  upon  the  other  pUtt, 
in  such  a  manner  that  the  metal  plates 
arc  merely  separated  by  the  thia 
layer  of  varuish,  otherwise^  fitting; 
together  as  exactly  as  ])ossiblc.  This 
arrangement  corres}X)nda  perfectly 
with  the  Fraukliu  plate,  the  gk« 
])Iate  being  replaced  by  the  thin  sbcO 
lac  layer,  and  the  plates  serving  as  a 
substitute  for  the  tinfoil  coatings,  the 
only  difference  being,  that  in  this  apparatus  we  may  lift  off  the 
upper  plate  at  wdl,  while  the  two  coatings  in  the  Pranklm  plate 
arc  immoveable.  As  the  insulating  layer  is  so  very  thin,  and  tLc 
plates  consequently  so  close  together,  a  perfect  combuiiaion  may 
be  effected.  If  we  bring  the  lower  condensing  plate  into  ctmnectioa 
with  a  weak   source  of  electricity,  touching  the  up|H*r  plate  witL 
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the  finger  to  discharge  it,  tbe  condenser  will  be  charged  in  a 
ciniilar  mnniier  to  the  Leyden  jar,  the  external  coating  of  which 
m  not  inaulatcd,  while  the  inner  one  is  in  connection  with  the 
conductor  of  tbe  uiachine. 

The  whole  diiFercnec  rests  in  this,  that  at  one  time  wc  have  a 
brge  source  of  electricity,  at  another,  one  of  small  electric  tension  ; 
in  both  caaea^  however,  a  condensation  of  electricity  occnrs  in  a 
similar  way. 

When  the  condenser  is  charged,  the  upper  plate  must  be  raised 
(and  that  as  vertically  as  possible,  so  that  the  contact  between  the 
two  plates  may  be  destroyed  at  the  same  moment  at  all  points),  by 
Ihis  the  hitherto  combined  electricity  of  the  under  plate  will  l>e 
liberated,  passing  down  into  the  gold  leaf  plates  and  causing  them 
to  diverge.  When  wc  come  to  speak  of  galvanism  we  shall  become 
Arquaintcd  with  numerous  modes  of  applying  the  condenser. 


CHAPTER  V. 

OF   ELECTRIC    LTOHT    AND    TUTt    MOTIONS  OF    ELECTRIPIEn  DnDIES. 

The  strongest  electric  discharges  that  can  be  accumulated  in  a 
body  will  never  afford  the  least  appearance  of  light  as  long  as 
a  state  of  electric  equilibrium  subsists  and  the  electric  fluids 
arc  at  rest.  The  first  requisite  for  the  appearance  of  electric  light 
is,  therefore,  the  motion  of  the  fluids  and  a  disturbance  of  the 
equilibrium.  This  condition  is  always  indispensable,  but  by  no 
means  sufficient,  it  being  necessary  besides  that  the  tension 
afifecting  the  electric  discharge  should  be  adequately  great. 
Whilst,  for  instance,  the  electricity  of  a  less  powerful  machine  can 
pass  through  a  metal  wire  into  the  ground,  without  any  light 
being  visible  in  the  dark,  we  may  see  the  wire  of  a  strongly 
charged  machine  surrounded  by  a  luminous  brightness.  The 
tension  necessary  to  produce  electric  light  depends  upon  the 
condition,  form  and  eonduetibility  of  the  medium  through  which 
the  electricity  must  pass.  Weak  tension  will  often  afford  a  bright 
light,  while  in  other  cases  the  strongest  tensions  are  insufficient  to 
give  the  least  manifestation  of  liglit. 

Electric  light  in  the  air  and  in  oth$r  gases  under  the  pressure  of 
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the  atmosphere. — ^The  distance  at  which  a  spark  can  he  drawn  from 
an  electric  body,  depcndii  upon  the  conductibility  of  the  sulistuicf, 
the  size  of  the  surface  and  the  power  of  the  electric  disrgf. 
Electricity  flows  spontaneously  from  angular  bodies  and  pt)inU 
even  under  very  weak  tension,  and  we  may  in  the  dark  <.v."-»^ 
glittering  brushes  of  light,  several  inches  in  length.  A  vcr 
cliarge  is  neoirssary  to  inuke  round  bodies  emit  sparks  spontanciiiuif  i 
if,  however,  we  bring  them  near  a  conductor  cunnocted  with  thr 
earth,  sparks  will  be  emitted  under  some  circumstances  to  r  grot 
distance,  farming  a  zigzag  line  like  the  course  nf  lightning. 

In  order  to  multiply  the  sparks,  it  is  necessary  to  interrupt  the 
conductor  by  which  the  eleetricity  passes  to  the  earth,  and  by  \kk 
means  many  striking  effects  will  be  produced. 

We  may  by  means  of  nietiil  beads  (strung  upon  a  silk  thmd, 
but  separated  some  millimetres  from  each  other  by  knots),  form 
cyphers  and  figures  of  various  kinds,  which  u"ill  continue  to  shiot 
as  long  as  we  tura  the  machine,  from  whose  conductor  electricity 
passes  through  this  chain  into  the  ground. 

Lightnuig  conductors  are  glass  tubes,  on  which  rhomboidal  shaped 
plates,  covered  with  tinfoil,  are  placed  in  the 
order  represented  in  Fig.  881.  They  ire 
generally  laid  on  in  such  a  manner  as  to  past 
round  the  tube  like  a  progressive  screw  line- 
If,  while  we  arc  holding  the  one  end  of  such  » 
tube  in  the  hand,  wc  bring  the  other  near  the 
conductor  as  the  machine  revolves  we  shall 
in  the  dark  see  sparks  continuously  pass 
between  every  two  plates,  so  as  to  appear  like 
one  connected  line  of  light  upon  the  tube. 

A  lightning  plate  is  represented  in  Fig.  382. 
A  row  of  stripes  covered  with  tinfoil  are  glocd 
ujwn  a  glass  plate,  as  shown  in  the  Figure,  « 
that  a  metallic  line  of  connection  goes  from  « to 
r,  provided  it  is  not  interrupted  at  the  spot* 
marked  uith  small  crosses.  If  wc  bring  z  into 
connection  with  the  external  coating  of  a  Leydcn  jar,  and  then  e«ts- 
blish  a  connection  between  a  and  the  knob  of  the  jar,  sparks  will 
be  evolved  at  the  places  where  the  connecting  line  is  intcmipted. 
We  may  in  this  manner  represent  cyphers  and  all  kinds  of  figure*. 
These  devices  may  be  altered  in  a  great  many  different  ways;  the 
following  examples  must,  however,  suffice. 
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The  brush  of  light  observed  in  the  dark,  on  placing  upon  the 

fsimductor  of  the  electrifying  machine  a  p*jint    from   which    the 

electricity  may  flow,  is  represented  in  Fig.  383.     Negative  elec- 

riG.  383.  tricity  never  gives  such  divergent  and  large  brushes 

of  light  as  the  positive.     This  remarkable  pheno- 

nieaou  is  very  de8en'ingof  attention,  as  it  iipjtcars 

to  afford  a  characteristic  difference  by  which  we 

may  define  the  two  electric  fluids. 

On  bringing  a  metal  point  near  the  conductor 
of  a  machine  with  the  hand,  we  observe  this  brush 
of  light. 

The  electric  spark  of  the  machine  is  very  bright  in  con- 
densed atmospheric  air,  white  and  intense  in  carbonic  acid  gat, 
red  and  faint  in  hydrogen,  yellow  in  steam,  and  of  an  apple-green 
Colour  in  ether  and  alcohol. 

The  phenomena  of  light  evolved  from  the  electricity  of  a  machine 
■Tc  a  true,  although  faint  image,  of  the  electric  atmospherical 
pheuomena  exhibited  in  thunder-storms. 

Electric  light  in  rarefied  air. — If  a  glass  tube,  several  feet  in 
length,  and  provided  at  both  extremities  with  metal  caps,  be 
exhausted,  and  the  one  end  be  connected  with  the  conductor  of 
the  machine,  and  the  other  end  with  the  ground,  we  shall  sec  a 
vivid  light  within  the  tube.  As  the  electricity  in  the  rarefied  air 
meets  with  only  a  weak  resistance,  it  extends  throughout  the  whole 
tube,  marking  its  passage  by  flashes  of  light.  If  the  connection 
be  sufficiently  maintained,  the  light  will  appear  fixed  and  of 
uniform  outline,  but  as  soon  as  a  conducting  body  is  brought 
towards  it  from  without,  it  will  be  drawn  towards  it,  and  will  at 
the  same  time  become  brighter* 

We  generally  take  tubes  several  inches  in  thickness  for  these 
exjx;riments.     A  somewhat  differently  formed  ajiparatus  is,  how- 
ever, represented  iu  Fig.  384,  this  being  an  elliptically-shapcd 
,jQ  jgj  glass  vessel.     At  the  two  ex- 

tremities arc  metal  fastenings, 
one  of  which  has  a  cock,  which 
may  he  screwed  on  to  an  air- 
pump.  The  fastening,  or 
cap,  on  the  other  side,  is 
provided  with  a  leather  box,  through  which  passes  the  metal  win! 
terminating  in  the  knob  b',  which  may  thus  at  will  be  drawn 
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nearer  to  b.     When  the  air  has  been  quite  exhauatcd  from  ihe 

apparatus^    the   electricity  cau  easily    pass,    and    fill    the   whole 

no.  335.       vessel  with  light.     If  a  little  air  be  suffered  to  cntrr 

MT^^H       through  the  cock,  the  light  will  be  less  diifuAc,  furm- 

■I^AI       ing  purplish  arcs  of  light  between  b  and  ^-     IIk 

5^^  "       more  air  we  admits  the  more  the  expansion  of  that 

appearances    of    light   will   diminish^    uppraaching 

more  and  more  to  the  form  of  the  ordinary  electiic 

t»park. 

Electricity  likewise  exhibits  phenomena  of  H^t 
in  the  Toricellian  vacuum, 

Picard  first  remarked,  on  making  the  mcrtary 
uficillate  up  and  down,  that  a  barometer  was  lumi- 
nous in  the  dark,  and  he  was  soon  convinced  ihu 
this  phenomenon  depended  upon  the  elect  hcicy 
developed  by  the  friction  of  the  mercury  on  the  side* 
of  the  tube.  Cavendish  constructed  the  double  barometer.  Fig.  383, 
to  observe  electric  light  in  the  Toricellian  vacuum  ;  ita  application 
will  be  understood  without  further  explanation. 

MoiioTis  jrroduced  by  the  discharge  of  electricity. — As  the  pheno- 
mena of  attraction  and  repulsion  have  already  been  described, 
it  only  remains  for  us  to  make  a  few  remarks  upon  the  motiuna 
occasioned  by  electricity.  A  metal  rod  /  V,  curved  at  bodi 
extremities,  in  opposite  directions,  is  placed  on  a  condnetiiig 
point  cp.  Fig.  386,  in  connection  vrith  the  conductor  of  Uic 
-gg  machine,  but  in  such  a  manner  that  it  can  easily  place 
itself  in  cqiiilibriiunj  although  at  the  same  time  it  can 
jjoat  jwj  e-asily  turn  in  a  horizontal  plane  apon  tlie 
point.  Such  an  apparatus  is  termed  an  electric  fif' 
wheeL  As  soon  as  the  machine  is  turned,  the  whed 
begins  to  rotate,  and  when  observed  in  the  dark,  the 
electricity  will  be  seen  to  flow  from  the  points  in  the 
forms  of  brushes  of  light. 

This  motion  ia  produced  by  the  discharge  of  the 
electric  fluid  from  the  points,  aud  corresponds  entirely  to  the 
phenonicna  exhibited  by  the  rotation  of  Seiner's  walff- 
whcel. 

Motions  occasioned  by  electrical  redaction, — The  legs  of  fr 
when  ftuspcntlcd  in  the  vicinity  of  the  conductor  of  an  elcctrif5 
machine,  do  not  appear  to  experience  any  change  ;  if,  by  the  tuni- 
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riG.  387.  i^g  of  the  machincj  the  conductor  c  be  charged  with 
poflitive  electricity,  they  will,  however,  become 
^^  electric  by  induction,  the  attracted  —  electricity 
^  accumulating  at  r,  and  the  repelled  +  electricity 
a^ja  escaping  into  the  ground  by  the  wire  *.  As  soon  as 
^^A  we  draw  a  spark  from  the  conductor  c,  the  sudden 
TI  re-union  of  the  two  electricities  will  produce  cou- 
"  tortions  in  the  frog's  leg,  a  proof  that  on  a  return  to 
ta  natural  condition,  the  molecules  of  the  bodies  are  affected  by 
tlie  pressure  of  the  electric  fluids  striving  to  re-unite.  These 
effects  arc  designated  by  the  tenn  of  re-action.  The  experiment 
¥rill  be  tried  to  uo  pui'pose  on  a  frog  that  has  already  been  killed 
five  or  six  hours,  but  it  will  succeed  very  well  with  one  immediately 
af^r  it  has  been  killed,  or  better  still  with  the  living  animal. 
In  the  vicinity  of  a  powerful  machine,  even  a  man  will 
;ivc  similar  shocks  when  standing  in  coiumunication  with  ihc 
ground.  The  discharges  of  thunder-clouds  act  in  like  manner,^ 
that  is,  by  a  direct  shock,  and  by  re-action. 


PART  III. 


UALVANIBM 


CHAPTER    I 


ON    KLKCTRICITY   OF    CONTACT,    AND   ON    THE    GALVANIC    CIRCUIT. 


In  the  year  1789,  Galtani  made  a  discovery  at  Bologna,  by 
which  a  new  field  was  opened  to  Physics.  This  discovery  was  the 
observation  of  the  seemingly  nnimjiortutit  fact,  that  the  freshly 
prepared  limbs  of  frogs,  suspended  by  copiKT  hooka  to  an  iron 
rod,  were  convulsed  as  often  as  tlie  muscles  of  the  thigh  were 
brought  into  contact  with  the  iron-railing  by  the  wind,  or  any  other 
cause.     The  copper  hook  was  in  contact  with  the  crural  ncr\'e. 

It  was  at  first  supposed  that  this  phenomenon  could  be  explained 
by  the  existence  of  a  kind  of  nervous  fluid,  similar  to  the  electric 
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fluid;  the  organic  body  was  regarded  as  a  kind  of  Leyden  jv 
with  respect  to  this  fluid,  the  uervea  serving  as  the  coating  on  tbr 
onepartj  and  the  muscles  on  the  other.  A  discharge  ought  to 
place  as  soon  as  the  aerves  atid  muscles  were  brought  in 
ing  communication  with  each  other,  as  seen  in  the  experimenu  of 
Galvani,  with  the  copj)cr  hooks  and  iron-railings. 

Alexander  Volla  repeated  with  unwearied  attention  the  expcn- 
mcnts  of  Galvani,  and  soon  found  that  a  circumstance  had  hithcrlii 
been  wholly  overlooked  in  the  experiment,  which  was  very  e«ani- 
tial  to  its  success.  For  instance,  to  ubtoin  a  strong  effect  it  «i« 
indispensable  that  the  circuit  of  connection  between  the  nerves  anJ 
muscles  should  consiHt  of  two  different  metals  in  contact  with  cu^ 
other.  He  made  the  experiment,  as  represented  in  Fig.  388.     Onr 

part  c  of  the  connection  is  line,  the  other 
k  co]>))cr.  Both  metals  must  ha\x  a 
perfect  metallic  snrface  at  the  pUor 
where  they  come  into  contact  with  each 
other,  and  where  they  touch  the  limb  of 
the  frog.  Volta  concladed  from  hit 
experiments,  that  the  leg  of  the  frog  wi» 
not  to  be  regarded  as  a  Leyden  jar ;  that 
the  fluid  acting  here  was  not  dcvelopcii 
cither  in  the  ncn'cs  or  muscles,  but  by  the  contact  of  the  two 
metals,  and  that  it  was  |>erfectly  identical  with  the  common  electric 
fluid.  These  views  were  contested  by  Galvani  and  his  adherents, 
each  party  seeking  to  confirm  the  correctness  of  his  theory  by 
new  experiments,  until  at  length  Volta's  opinions  were  generally 
received  and  adopted. 

Direct  proofs  of  the  development  of  electricity  by  contact, '^Thc 
idea  that  electricity  could  be  developed  by  the  mere  contact  of 
heterogeneous  bodies  only  gained  credit  by  degrees,  the  sci-erity 
of  science  requiring  direct  and  convincing  proofs;  these  wercy 
however,  soon  afforded  by  Volta,  by  the  aid  of  an  apparatna 
invented  by  him  some  years  previously,  \u.,  the  conductor  with 
which  we  have  already  become  acquainted.  The  experiment  he 
made  is  conducted  in  the  following  manner.  iVfter  having  ascer- 
tained that  the  condenser  screwed  to  the  gold-leaf  electromotor. 
Fig.  389,  will  hold  a  charge  well,  and  after  restoring  it  to  its 
natural  state,  we  place  with  the  other  flnger  the  upper  plate  in 
eomieetion  with  the  groimd,  while  the  other  plate  is  touched  by  a 
piece  of  Jimc,  also  in  connection  with  the  ground,  by  being  held  in 
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the  other  haod.    It  follows,  of  coursci  that  the  surfaces  of  the 
no.  309.  plates  of  the  condenser  xuust  not  be 

T  varnished  where  they  are  not  in  con- 

tact with  each  other^  otherwise  there 
coold  be  no  metallic  contact  between 
the  zinc  and  the  brass  (which  is 
'^•^  almost  the  same  in  this  case  as  pure 
copper)  of  one  of  the  plates  of  the 
condenser.  If  we  now  withdraw  the 
tinger  from  the  upper,  and  the  zinc 
from  the  lower  plate,  after  the  contact 
has  lasted  for  a  niinutc  or  so,  and 
then  lift  off  the  upper  plate  of  the 
condenser,  we  shall  porceivc  a  decided 
divergence  of  the  gold  leaves.  "Whence  comes  this  electricity  ?  It 
can  evidently  arise  only  from  the  contact  of  the  zinc  and  copper  of 
the  lower  plate  of  the  condenser ;  here  there  is  an  especial  force  at 
work,  to  separate  the  fluids  and  put  them  into  motion ;  the  positive 
electricity  will  pass  to  the  zinc,  and  from  thence  into  the  groundj 
while  the  negative,  on  the  contrary,  will  be  driven  to  the  lower 
brass,  or  copper  plate,  and  combined  there,  while  it  acts  decom- 
posingly  upon  the  upper  plate.  If  now  the  latter  be  raised  upj 
the  combined  —  electricity  in  the  lower  plate  can  diffuse  itself,  and 
thus  effect  the  divergence  of  the  gold  leaf. 

If  we  vary  the  experiment  by  touching  the  upper  plate  of  the 
condenser  with  the  zinc,  and  the  lower  with  the  finger,  the  gold 
leaf  will  diverge  with  +  electricity. 

The  development  of  electricity  by  the  contact  of  different  metals 
may  be  still  better  shown  by  help  of  Bohiuniberger' s  electroscope. 
The  accompanying  Fig.  390  represents  according  to  Fechner*s 
views,  the  best  form  for  this  instrument. 

In  a  horizontal  glass  tube  there  is 
inserted  a  so-called  drt/  or  Zamboni's 
pile,  the  propcrtica  of  which  we 
shall  consider  at  a  subsequent  period, 
the  glass  tulK'  is  closed  at  its  extre- 
mities by  metal  caps,  from  which 
pass  metal  wires  e  and  /  termi- 
nating in  the  plates  sc  and  y.  Zam- 
honi'g  pile  has  this  property,  that  one  cud  is  always  positively,  and 
the  other  negatively  electric,  consequently  one  plate  x,  for  example. 
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will  always  be  charged  with  — ,   and  the  other  with   -f  dee- 
tricity. 

A  Zamboni^s  pile  of  this  kind  is  fixed  in  a  wooden  box.  Fig. 
391j  in  the  upper  part  of  which  there  is  an  aperture  for  Xht 
passage  of  the  poles  x  and  y. 

If  now  we  suppose  a  piece  of  guld 
leaf  8us])cnded  midway  between  the* 
poles  it  will  remain  at  rest,  being 
equally  strongly  attracted  by  bolk 
poles ;  on  charging  it  slightly  inti 
positive  electricity,  it  will,  however^ 
draw  nearer  the  negative  pole,  and,  via 
versa,  it  will  approach  the  positive  pule 
on  being  charged  negatively. 

A  strip  of  gold  leaf  is  suspended 
between  the  two  poles ;  and  heme 
fastened  to  a  metal  rod  inserted  in  t 
glass  tube  is  insulated  in  the  same  manner  as  the  rod  to  which 
hang  the  pendulums  represented  in  Fig.  389 ;  here  also  the  gold 
is  within  the  glass  vessel  to  prevent  the  disturbing  action  of 
currents  of  air. 

Wc  may  screw  metal  plates  to  the  upper  end  of  the  metal  stem 
holding  the  gold  leaf.  Let  us  assume  that  a  perfectly  smooth 
copper  plate  of  good  mctalhc  surface  has  been  screwed  on;  on 
placing  upon  this  copper  plate  a  similar  zinc  plate  with  an  equaUy 
good  metallic  surface,  a  discharge  will  follow  as  soon  as  we  lift  off 
the  zinc  plate,  showing  that  the  copper  plate  was  negatively 
electric. 

If  the  zinc  plate  had  been  screwed  on  the  instrument,  a 
discharge  towards  the  negative  pole  would  have  followed  the 
removal  of  the  copper-plate^  because  the  zinc  had  become  positively 
electrified  by  contact  with  the  copper. 

This  experiment  shows  then  not  only  that  electricity  is  deve- 
loped by  the  contact  of  copper  and  zinc,  (cop|>er  becoming  nega- 
tively, and  the  zinc  positively  electric),  but  also,  that  the  largest 
amount  of  developed  electricity  remains  combined  at  the  surfaces 
of  contact  between  the  tM^o  metals,  and  that  a  proportionatidy 
small  part  is  freely  distributed  over  the  metal  platen,  since  the 
discharge  does  not  follow  till  after  the  raising  of  the  other 
plate. 

Such  an  excitement  of  electricity  occurs  almost  universally  when 


SCALE    OF   TENSION. 


868 


heterogeneous  substances  come  into  contact  with  each  other,  it  fur- 
nishes, however^  some  of  its  most  striking  illustrations  with  the 
metals.  The  unknown  cause  of  the  development  of  electricity  by 
the  contact  of  heterogeneous  substances  is  termed  the  electromoior 
power. 

Scale  of  TVwion.— The  electric  tensions  developed  by  the  elec- 
truDiotor  force,  and  distributed  over  the  bodies  in  contact,  is 
not  equal  for  all  substances.  Metals  are  good  eUctromotors,  bat 
even  among  them  we  observe  a  great  difference  in  this  respect. 
For  instance,  line  will  become  much  more  strongly  charged  with  + 
clertricity  when  in  contact  with  platinum  than  with  copper ; 
copper  will  become  negatively  electric  when  brought  into  contact 
with  ziuc>  and  positively  so  when  in  connection  with  platinum.  The 
following  tabic  exhibits  a  series  of  bodies  so  arranged,  that  each 
preceding  one  becomes  positively  electric  when  in  contact  with  all 
the  succeeding  ones. 

+ 

Zinc 

Lead 

Tin 

Iron 

Copper 

Silver 

Gold 

Platinum 

Charcoal. 

The  electric  difference  between  sine  and  copper,  and  that 
betvreen  copper  and  ])lutiuuin,  are  together  equal  to  the  electric 
difference  between  zinc  and  platinum,  that  ia,  if  we  lay  a  copper 
plate  upon  a  rinc  plate,  and  a  platinum  plate  on  the  former,  the 
electric  tension  of  the  extreme  plates  will  be  precisely  as  great  aa 
if  the  platinum  and  zinc  plates  lay  immediately  over  each  other. 
All  bodies  in  the  above  given  series  bear  the  same  relation  to  each 
other,  for  if  we  place  three  layers  together,  the  electric  tension  of 
the  extreme  plates  will  always  be  the  same  as  if  they  were  in 
immediate  contact,  and  there  were  no  intcr\'euing  plates. 

The  same  holds  good  with  respect  to  4,  6,  or  more  metal  plates 
ranged  the  one  above  the  other,  the  tension  of  the  extreme  plate 
will  be  the  same  as  if  there  were  no  intervening  plates.  All  metals 
assume  a  decided  position  in  this  scale  of  tension ;  charcoal  being 
in   this  respect   entirely   siuulur  to  a  meta]>  and  more   electro- 
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Qc^tive  than  platiuum.  Many  compound  bodies  also  asnunc 
a  defiuite  place  in  this  scale,  as  for  instance,  binoxide  of  nuuiganete, 
oxide  of  iron,  sulphuret  of  iron,  sulphiirct  of  lead,  &c.;  but  rttcr 
cuutpuiiud  bodies^  as  fluids,  do  not  obey  the  laws  of  such  a  scale 
of  tension. 

Zinc  will  become  negatively  electric  in  contact  with  pure  wbIw, 
but  now  if  we  put  water  into  this  scale  of  tension,  wc  mnriT 
from  its  relation  to  this  metal,  place  it  over  ciuc.  If  water  really 
took  this  ]x>sitiun,  plntiiiuui  would  become  much  luore  stnm^W 
negative  than  zinc  in  contact  with  wnter.  Experience,  howe^rr, 
shows  the  contrary  to  be  the  cose,  platinum  becoming  actusUv 
ninch  less  negatively  excited  than  zinc ;  we  see,  therefore,  thst 
water  is  a  body  that  does  not  obey  the  laws  of  this  scale  of  tennoD. 
Diluted  sulphuric  acid  exhibits  a  similar  relation,  exciting  line 
and  copper  negatively,  the  former,  however,  much  more  strongW 
than  the  latter  body;  platinxun  and  gold  arc  positively  excited  by 
diluted  sulphuric  acid. 

The  peculiar  pro|>crty  of  many  fluids,  which  prevents  us  from 
ranking  them  in  the  scale  of  tension,  enables  as  to  produce  s 
stronger  electric  tension  in  moist  conductors  by  layers  of  metal 
plates,  than  can  be  excited  by  two  metal  plates  in  contact  with  out 
another ;  we  shall  see  this  more  plainly  exemplilied  in  the 
pilcj  which  we  are  about  to  consider. 

Construction  of  the  voltaic  pile. — Three  different  bodies  are 
in  the  construction  of  the  voltaic  pile :  viz.  two  metals,  and  a  third 
body  ha\-ing  no  place  in  the  scale  of  tension. 

The  metals  generally  used  are  copper   and  sine,  two 
remotely  separated  in  the  scale  of  tension;  zinc  forms  the  positiftf 
and  copper  the  negative  element.     A  copper  and  a  sine  |^ate 
usually  soldered  together. 

The  third  element  of  the  voltaic  pile  is  a  moist  disc,  that  is  a. 
piece  of  cloth  or  pasteboard  saturated  with  pure  water,  a  \xry 
dilute  acid  or  a  solution  of  salt. 

Let  a  copper  plate  which  is  a  negative  element,  be  placed  in 
connection  with  the  ground  by  means  of  a  copper  wire  f.  Fig.  392, 
riG.  392.  ftu  equally  large  zinc  platet  being  laid  upon 

its  upper  surface.  By  the  electromotor  forcc^l 
the  zinc  will  become  positively,  and  the  copper^ 
negatively  elcctriflcd ;  but  the  hberated  electri- 
city will  pass  off  into  the  ground,  whilst  there 
will  remain  upon  the  zinc  plate  liberated  elec- 
tricity, -.he  density  of  which  will  depend  upon  the  electric  difference 
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copper  and  zinc.  If  we  assume  tliis  density  as  a  unity, 
we  may  say  that  under  these  cireumstanees  the  density  of  the 
liberated  electricity  upon  the  copper  is  0,  while  liberated  + 
electricity  of  the  density  1  distributes  itself  over  the  zinc.  If  now 
by  any  means  a  portion  of  the  liberated  electricity  were  withdrawn 
from  the  zinc,  so  that  its  density  became  less  than  1,  the  loss 
+  electricity  experienced  by  the  zinc  plate  would  be  immediately 
compensated  for  by  the  electromotor  force,  while  an  amount 
of  —  electricity,  fully  equal  to  the  newly  developed  -f  electricity 
passing  to  the  zinc  plate,  would  be  communicated  to  the  copper 
plate,  and  thence  to  the  ground.  We  must  now  lay  a  piece  of  moit<t 
cloth  upon  the  zinc.  Let  us  then  assume  for  the  sake  of  simpli- 
fying the  matter,  that  this  ciercisee  no  electromotor  force  when  in 
contact  with  zinc,  acting  merely  as  a  conductor,  then  a  portion  of 
liberated  -|-  electricity  will  pass  from  the  zinc  to  the  moist  cloth, 
the  loss  being,  however,  immediately  supplied,  so  that  the  density 
of  the  bberatcd  +  electricity  on  the  zinc  will  remain  at  1,  while 
the  liberated  -f  electricity  of  the  density  1  will  likewise  distribute 
itaelf  over  the  damp  cloth.  If  then  a  copper  plate  be  again  laid  on 
the  moist  piece  of  cloth,  +  electricity  will  then  distribute  itaelf  over 
it,  and  attain  a  density  1.  We  shall  now  have,  therefore,  on  the 
under  copper  plate  a  density  of  0,  and  +  electricity  of  a  density 
=  1  on  the  zinc  plate,  the  moist  cloth  and  the  upper  copper  plate. 

If  we  lay  a  zinc  plate  upon  the  upper  copper  plate,  the  former 
will  be  charged  with  free  +  electricity  of  the  density  1,  even  if 
there  be  no  electromotor  force  at  work ;  the  electric  difference 
between  cop]>cr  and  zinc  will,  however,  remain  still  the  same, 
being  according  to  our  previous  showing  always  =  I ;  if,  therefore, 
the  upper  copper  plate  have  +  electricity  of  the  density  1,  the 
density  of  the  +  electricity  on  the  Bupcrpoaed  zinc  plate  must 
be  =  2. 

In  the  same  manner,  we  may  further  conclude,  that  on  laying 
upon  the  second  zinc  and  copper  layer  another  moist  cloth,  and 
then  again  a  copper  and  zinc  plate  in  the  same  order,  the  copper 
being  above  the  zinc  plates,  the  density  of  the  liberated  +  elec- 
tricity ou  this  third  layer  ifvill  be  ^  3.  If  we  continue  to  pile 
the  elements  in  the  same  order,  namely  copper,  zinc  and  moist 
pieces  of  cloth,  the  freed  +  electricity  upon  the  4th,  6th  . . .  100th 
zinc  plate  will  have  a  density  :=  4,  5  ...  or  100. 

The  above  described  arrangement  is  called  the  voltaic  pile  from 
the  name  of  its  inventor,  and  is  represented  in  Fig.  393,  as  consist- 
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ing  of  20  piiirs  of  plates.  The  stand  is  made  of 
dried  wood,  the  pillars  supporting  the  pile,  of  gUsL 
The  one  end  of  the  pile  is  called  the  mc  mi^ 
from  the  plate  terminating  the  series,  or  also  tltt 
positive  pole,  and  the  other  is  the  eopptr  Or  »a^ 
tive  poh^  In  the  previously  described  arrange* 
mcnt,  the  negative  pole  was  in  connection  witb 
the  ground,  tlie  positive  one  insulated,  while 
+  eleetricity  was  distributed  over  the  whole  piW, 
the  density  increasing  from  below  upwards  aceord- 
ing  to  our  considerations.  If  the  nc^tivc  pole  be 
insulated  and  the  positive  one  put  into  oonncctiao 
with  the  ground,  the  density  of  the  libcnlud 
electricity  upon  the  zinc  end  will  be  0,  whibt 
—  electricity  will  be  distributed  over  the  whole 
pile,  its  density  increasing  towards  the  copper 
end. 

The  tTwd/jtcd  pile. — Let  us  assume  that  we 
have  one  pile  consisting  of  100  double  plates, 
whose  negative  pole  is  in  connection  with  llie 
ground,  and  another  precisely  similar  to  the  former,  with  the 
exception  of  its  positive  pole  communicating  with  the  ground.  If  now 
we  put  the  two  piles  together  in  such  a  manner  that  by  the  inter- 
position of  a  piece  of  wetted  cloth,  the  two  discharging  poles  miy 
touch  each  other  (that  is  the  4  pole  of  the  one  pile  and  the  —  pole 
of  the  other)  we  shall  have  a  single  pile  of  200  double  plates,  the 
halves  of  which  will  be  still  in  the  same  condition  as  before  ftm 
on  interrupting  the  conducting  communication  with  the 
The  middle  will  be  consequently  in  its  natural  condition  even 
the  etmnexion  with  the  earth  has  ceased.  The  one  half  will  be  poff 
tivcly,  and  the  other  half  negatively  charged^  the  strength  of  the 
charge  increasing  from  the  middle  towards  the  poles.  The  electnc 
tension  at  each  pule  will  be  precisely  the  same  as  at  the  inso- 
lated  pole  of  a  pile  of  100  double  plates,  where  the  opposite  pok 
has  been  connected  with  the  ground.  If  we  disturb  this  equi- 
librium by  taking  away  a  portion  of  electricity  from  one  pole,  the 
tension  will  be  diminished  here,  while  it  will  increase  at  the 
opposite  pole,  and  the  point  of  the  pile  still  in  a  natural  ccmditioo 
will  be  moved  more  and  more  from  the  middle  towards  the  pole 
from  which  electricity  has  been  withdrawn.  If,  however,  the 
whole  pile  remains  insidated^  the  former  condition  will  be  gradually 


■e  jewn 
groiudy 
en  KJ^^I 


THE    CLOSED   AND    DRY    FILES. 


86r 


restored,  that  is  to  say,  the  condition  of  equilibrium  gradually 
retiim  to  the  middle,  becaitse  there  will  be  constantly  a  larger  dis- 
duu^  of  electricity  passing  from  the  more  strongly  charged  pole. 
Electric  equilibrium  is,  therefore,  restored  in  each  thoroughly 
insolated  pile  in  such  a  manner  that  the  middle  is  in  a  natural 
condition,  while  the  two  halves  arc  charged  with  opposite  elec- 
tricity, the  density  of  which  increases  from  one  pair  of  plates  to  / 
the  other  towards  the  poles. 

The  closed  pile. — As  the  two  poles  of  an  insulated  pile  are 
always  sources  of  opposite  electricity,  it  is  clear,  that  if  wu  join 
to  each  pole  a  wire,  each  of  these  wires  will  become  charged 
with  the  electricity  of  its  pole.  We  thus  procure  a  posi- 
ti^'ely  and  a  negatively  charged  conductor,  if  the  two  conductors 
be  brought  into  contact  with  each  other,  a  constant  rc-nnion 
of  the  electricities  developed  in  the  pile  must  take  place.  This 
is  shown  in  Fig.  393.  On  bringing  the  two  wires  (often  called 
the  two  poles]  within  a  short  distance  of  each  other,  we  see  an 
uninterrupted  current  of  sparks  pass  from  the  one  to  the  other. 

If  we  bring  the  two  conducting  wires  into  immediate  contact  with 
each  other,  that  is,  if  we  close  the  circuit,  the  passage  of  sparks  will 
eeaae,  although  all  electrical  action  will  not  be  wholly  destroyed  ou 
that  account.  Electricity  is  continuously  developed  in  the  pile, 
and  a  reunion  of  the  electricities  separated  in  the  pile  is  con- 
tinuously taking  place  at  all  points  of  the  closing  wire.  While 
everything,  therefore,  appears  at  rest  externally,  there  is  internally 

tinual  activity  and  motion. 

This  electric  current  is  capable  of  producing  very  powerful 
effects  upon  the  nerves,  of  making  metal  wires  red  hot,  the 
magnetic  needle  deviate,  and  of  occasioning  chemical  decomposi- 
tions. We  shall  soon  proceed  to  the  consideration  of  some  of  these 
actions. 

The  dry  pile. — In  dry  piles,  the  electromotors  are  likewise  metallic 
substances  ;  but  the  conducting  medium  separating  every  two  pairs 
is  not  a  lluid,  but  some  solid  body,  which  is  either  perfectly 
dry,  or  only  partially  damp.  Among  the  different  apparatus  of 
this  kind  that  have  successively  been  suggested,  that  of  Zamboni 
appf^ars  the  most  efficacious.  On  a  piece  of  common  writing 
paper,  exactly  as  moist  as  it  would  be  if  left  to  itself  in  damp 
weather,  we  fix  with  gum  or  starch,  on  one  side  silver  leaf 
(sine),  while  we  rub  finely  pulverised  manganese  (binoxide  of 
manganese)     on    the    other     with    a    cork ;    several    sheets    of 
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paper  thus  prepared  arc  thcu  laid  over  one  another,  and  rut  wi^ 
a  stamp  into  round  pieces  from  10  to  15  lines  in  diameter.  f)kt 
of  from  1000  to  2000  double  plates  are  now  made  from  thttc 
round  discs,  which  uiuHt,  however,  be  carefully  piled  up  in  the 
same  order,  so  that  the  zinc  sides  are  all  tiirued  either  upwardi  or 
downwards.  The  pile  must  bo  compressed  in  order  to  secure  a 
perfect  connection  between  the  metal  plates,  after  sufficiently 
strong  metal  plates  having  3  or  4  projecting  parts  have  bem 
attached  to  the  extremities,  and  joined  together  with  silk  carda. 
The  pile  is  rubbed  over  with  melted  sidphui  or  shcU-lac  to  pioteet 
it  from  the  influence  of  the  weather. 

Wc  may  also  form  these  dry  piles  from  gold  and  silver  ptps* 
For  this  purpose  we  glue  together  on  the  paper  sides  a  shctt  of 
fictitious  gold  leaf  (copper),  and  a  sheet  of  fictitious  silver  leaf  (tin), 
80  that  we  obtain  a  piece  of  paper  covered  on  the  one  side  with 
copper,  and  on  the  other  with  tin.  From  the  paper  thus  prepani 
the  discs  are  cut. 

Properties  of  the  dry  pile. — A  Zambom*s  pile  of  2000  pi 
unable  to  give  the  least  shock,  or  produce  the  least  c 
decomposition,  notwithstanding  that  its  poles  show  a  marfccJ 
tension.  Even  a  pile  of  100  or  200  double  plates  prodnea 
divergence  in  a  gold  leaf  electromoW  without  the  use  of  m  oon- 
denser ;  and  to  cfiect  this,  it  is  only  necess^  Jto  hold  one  pole 
in~2ihl  hand,  while  we  touch  with  the  other  mmI  the  plate  or  the 
ball  of  the  clectronyitor.  Wc  obtain  a  very  considerable  direr- 
gcnce  with  piles  of  from  800  to  1000  double  plates. 

If  we  touch  one  coating  of  a  Franklin  plate  with  the  pole  of 
such  a  pile  whilst  the  other  pole  is  connected  with  the  ground, 
we  may  often  succeed  in  imparting  so  strong  a  charge  to  the  pUt£ 
as  to  cause  the  emission  of  a  spark  by  its  discharge. 

If  both  poles  of  the  pile  be  insulated,  the  opposite  clectricitiei 
will  soou  acx^umulatc  in  equal  proportions  at  the  poles ;  the  tenniao 
increasing  here  until  the  quantity  of  electricity  lost  by  *\ach  pole  in 
a  given  time  through  the  action  of  the  atmctsphcre  is  equal  to  the 
quantity  again  imparted  in  the  same  space  of  time  to  the  \to\e  hy 
the  pile.  From  this  moment  the  tension  at  the  poles  rewaza« 
constant.  If  now  the  air  be  more  moist,  the  electric  loss  at  the 
poles  will  amount  to  a  larger  fraction  of  the  electricity  accumulattd 
there,  whilst  the  amount  of  electricity  conveyed  to  the  pole  mil 
remain  the  same;  hence  it  follows  that  the  tension  at  the  polv 
must  be  less  in  damp  air  than  iu  a  dry  state  of  the  atmosphere. 
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we  arrange  two  Zambonfs  pilea  aide  by  side,  in  such  a  manner 
the  positive  pole  of  the  one,  and  the  negative  pole  of  the  other 
ilirectcd  upwards,  a  light  pendulum  must  constantly  oscillate 
jctwecn  the  two  poles.  On  this  principle  is  grounded  the  so-called 
yerpeiunl  motion. 

A  piece  of  gold  leaf  suspended  betwetm  two  ZambonPs  piles,  will 
iliclLn€(^&wb  towards  one  -and  then  towards  the  other  pole,  provided 
it  be  but  feebly  charged  with  inthcr  kind  of  electricity.  Instead 
rf  the  two  vertical  piles  we  may  make  use  of  a  horizontal  one, 
vrbose  poles  are  connected  by  means  of  conducting  wires  with  two 
Doct&l  plates  standing  opposite  to  each  other,  and  thus  we  shall 
c4>tain  the  apparatus  described  at  ])ages  361  and  3C2. 

Different  fon/is  of  the  galvanic  circuit. — iVll   a]>paratus    serving 

Co  produce  a  continual  electric  cun*ent  are  termed  galvanic  cir- 

euitfi.    They  are  generally  constructed  of  two  metals  and  one  fluid. 

The  voltaic  pile  formerly  described  was  the  first  api)aratu3  of  the 

kind;  the  form  offers  however  many  objections.     The  lower  layers, 

For  mstance,  are  more  strongly  compressed  by  the  weight  of  the 

ftipper  layers,  the  damp  discs  are  thus  dried  while  the  fluid  escapes 

■t  the  side  of  the  pile  ;  by  whicii  means  a  conducting  communica- 

ion  is  established  between    the   separate  pairs  of  plates  highly 

njurinus  to  the  combined  effect  of  the  whole. 

The  Trough  apparatus,  which  was  in  use  for  a  longer  period  ia 
represented  at  Figs.  394  and  395.     The  separate  elements  consist 

of  rectangular  plates 
of  copper  and  zinc 
soldered  together. 
They  are  laid  in 
parallel  rows  in  a 
wooden  case  b  b', 
whose  inner  walls 
are  covered  with  a 
non-conducting  coat  of  resin ;  the  pairs  of  plates  being  ao  inserted 
that  the  intervals  between  every  two  form  cells  or  troughs,  which 
ftrc  filled  with  acidulated  water.  Tliid  layer  of  water,  about  3  lines 
in  thickness,  supplies  the  place  of  the  moist  pieces  of  cloth. 

In  other  galvanic  apparatus  the  fiuid  is  put  into  separate 
vesaeU  or  glasses  ranged  circularly  or  in  a  straight  line.  Each 
glass  contains  one  zinc  and  one  copper-i)latc  not  in  contact  with 
<ach  other,  while  every  zinc  plate  is  connected  with  the  copper- 

U    B 


riQ.  394. 


riG.  395. 


t 


///////////// 


870 


THE    TBODOH    APPARATUS. 


plate  of  the  preceding  glass  by  a  copper  wire  or  copper  band.    To 
this  class  belongs  especially  IVollaston's  battirry.     To  andenUnJ 
the  eoTistniction   of  this  apparatus,   we  uiist   first  consider 
double  plateSj  of  which  a  side  view  is  represented   in  Fig. 
and  a  front  one  in  Fig.  397.    The  copper  band  c  t  is  soldod 


nc.  39A. 


riG.  397. 
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to  the  zinc  plate  «  r  at  * ;  c'  s'  ia  the  second  band  of  co]»pcT 
soldered  at  *'  to  a  second  Jiinc  plate.  The  copper  band  c*  y*  b 
connected  with  a  copper-plate,  which  is  entirely  curved  roanii 
the  first  zinc  plate  without  touching  it. 

A  similar  copper  plate  passes  round  the  second  zinc  jdale^  being 
connected  with  the  wire  of  the  negative  pole.  Each  pair  of  pktc» 
is  immersed  in  a  vessel  filled  with  acidulated  water.  The  ^rA 
7.inc  plate  becomes  +  electric  when  brought  into  contact  with  the 
band  of  copper  c  a ;  this  +  charge  passes  through  the  Buid  to  the 
copper  plate  which  surroiuids  the  zinc  plate  without  touching  il, 
and  from  this  copper  plate  through  the  hand  of  copper  to  Uif 
second  zinc  plate,  &c.  This  arrangement  has  great  advantages  :— 
1.  A  copper  surface  is  opposed  to  the  two  surfaces  of  each  cine 
plate ;  2.  The  stratiuu  of  intervenous  liquid  through  which  the 
electricity  passes  from  a  kLuc  plate  to  the  uest  copper  plate,  ii 
extremely  thin  ;  and  3.  From  the  considerable  quantity  of  bquid 
in  each  vessel,  its  nature  is  nut  su  rajiidly  altered,  as  is  the  owe 
with  the  dry  apparatus,  whose  activity  soon  flimiyu^hw  Fijf* 
398  gives  a  side,  Pig.  399  a  front  new  of  a  complete  WoUmiotii 
battery,  and  Fig.  400  the  ground  work.  The  whole  number  *i 
pairs  of  plates  is  fixed  to  a  wooden  frame,  so  that  they  msv 
all    be    dipped     simultaneously     into,     or    taken     out     of    ibc 
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Wnter    is   the    liquid   generally   nscd,    to  which    tV^t 

iric  acid,  and  ;,^tJi  aitric  acid,  is  added.     The  iimiiber  of 

of  plat<?s,   and   their   surface   required,   depend    upon    the 

to   which   tlie   voltaic    apparatus    ia   applied .       Many 

lena  may   be   produced  with  a  battery  of  many  pain  of 

dl    siEc,  others,  again^  require  a  single  pair  only,  but  of  con- 

kblc  dixuenaious,  and  with  perfect  metallic  contact. 


no.  590. 
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The  Bimplc  circuit  shown  in  Figs.  401  and  402,  is  uaed  for  such 
^riments  as  require  a  large  quantity  of  electricity  in   motion, 

triB.  401.  »io.  402.      ^**^     ^^    *    small    degree    of    tension. 

C  is  a  vessel  formed  of  two  cylinders 
of  copper  sheeting  of  different  dia- 
meters, the  one  placed  within  the  other, 
and  so  arranged  that  the  ajjace  in- 
tervening between  the  two  may  he  tilled 
by  the  einc  cylinder  -?,  and  the  acidu- 
lated water.  A  copper  wire  ending  in  a 
cup  Containing  mercury  is  soldered  to 
the  «inc  cylinder.  A  similar  mercury  cup  is  attached  to  the  cojipcr 
vessel.  In  placing  the  zinc  cylinder  within  the  copyter  vessel,  care 
must  be  taken  that  the  zinc  docs  not  come  in  contact  with  the 
'copper.  This  is  most  easily  prevented  by  means  of  pieces  of  cork. 
If  we  wish  to  complete  the  circuit,  we  nuist  connect  the  mercury 
cups  by  a  metallic  wire.  This  apparatus  has  this  advantage  that 
it  enables  the  sine  to  be  very  conveniently  cleaned. 
Har^8  Calorimotor  represented  in   Figs.  '10? 


572 


hare's  calorimotor. 


no.  403. 
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where   wc  have  to  ucl  u^ 
large    surface   of   metal   plala. 
On  a  wooden   ryUnder  6,  abwl 
3  inches  in  diaiuctex,  and  from 
a  foot  to  a  foot  and  a  htlf  b 
height  there  are  two  plates,  out 
of  zinc  and  the  other  of  copjicr, 
rolled  up  iuthe  »anie  manner,  and 
separated  by  cloth  strips  /,    Wc 
thus  obtain  a   pair  of  platen  i^J 
50  to  60  square  feet  in  ar 
The  name  Calnrimotnr  ia  appW 
to  this  apparatUB  from  itsapcdat 
property  of  making  metal  wires  red  hot,  and  even  fusing  them. 

In  all  the  circuits  we  have  hitherto  described,  whether  siin| 
or  compound,  the  action  is  ver}'  energetic  immediately  after  ii 
sioD  into  the  acid  fluid,  but  it  very  rapidly  diminiahcfl*  T 
variation  in  the  current,  always  occasiona  great  disturbance 
exjieriments  made  to  compare  the  force  of  diflferenl  rorrenti*' 
The  constant  batteries  which  have  lately  come  into  uae,  are,  how- 
ever, free  from  this  inconvenience.  Wc  must  here  limit  ouradvn 
to  a  description  of  the  most  important  constant  circuits,  reserfiiij; 
for  R  subsequent  occasion  an  exposition  of  the  theory  as  well  ac 
the  causes  that  contribute  to  the  rapid  diminution  of  the  force 
of  the  current  in  ordinarj*  circuits. 

As  inventor  of  the  constant  circuit,  BecquereVs  name  deaervca 
mention.      Fig.   '405  represents  an  clement   of  Becguerei's  con- 
no.  405.  stant  circuit ;    it    consists  of   a    hollow 
cylinder  a  made  of  thin  copper  aheetmg 
loaded  with  some  sand  b  and  closed  on 
all  sides.     The  bottom  c  is  even,  the  top 
d  conical,  having  over  it  a   rim   r  per- 
forated with  numerous  hole^.    Tiie  whok- 
cyliudcr  is  surrounded  by  n  bladder  y, 
fastened  to  tlie  rim  e  above  the  holes  /. 
We  now  pour  a  solution  of  sulphate  of 
copper  on  the  cone  d,  and  tliia  running 
through    the    holes   /,    fills    the   apaff 
between  the  bladder  and  the  cylindcra  r  » 
few  crystals  of  sulphate  of  cop|>er  (blue  vitriol)  are  laid  upon  the  coHc  (4 
being  gradually  dissolved  by  the  fluid  flowing  over  them,  llie  hladclcr 
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11  enclosed  in  a  hollow  cylinder  A,  slit  lengthwise  so  that  it  may 
b«!  widened  or  contmcted  at  will.  Thi<t  zinc  cyliuderj  as  well  as 
the  bladder  containing  the  copper  cylinder  and  the  blue  vitriol 
solution  are  iinniersed  in  a  vessel  i,  made  cither  of  glass  or  porce- 
lain, which  contains  dilute  sulphuric  acid,  or  a  solution  of  sulphate 
uf  line,  or  of  uiuriate  of  soda.  Two  strong  cop]>er  wires  jj  and  «, 
one  of  which  is  soldered  to  the  xinc  cylinder  and  the  other  to  the 
copper,  form  the  two  poles  of  the  element.  If  we  establish  a 
metallic  eonuection  between  these  two  pules  the  electric  current 
will  begin  to  circulate. 

Daniel's  constant  battery  is  only  a  modification  of  Becquerel's 
invention. 

In  the  Bunsen  batter)',  the  place  of  the  copjKr  is  supplied  by 
CAfbon,  which  is  still  more  negatively  electric,  and  is  used  here 
in  the  form  of  hollow  cylinders.  A  hollow  cylinder  of  this  kind, 
Open  at  the  bottom,  120'"'"  in  height  and  G^"*"  in  diameter,  having 
its  sides  alwut  6""*  in  thickness  is  placed  in  a  glasa  vessel,  as  seen 
no.  4t>6.  ill  Fig-  ^6,  somewhat  contracted  towards 

the  top,  so  as  to  have  no  great  interstice 
between  the  carbon  and  the  glass,  the 
cylinder  standing  consequently  quite  fast  in 
tlie  glass.  We  now  place  in  the  hollow  of 
the  carbon  cylinder,  a  hollow  cylinder  of 
porous  clay,  closed  at  the  bottom,  and 
liaving  at  the  height  of  about  105*"",  such 
a  diameter  as  to  make  it  fit  into  the  cavity 
of  the  carbon  cylinder,  and  to  leave  a  very 
siiKill  si.ucc  between  the  clay  and  the  carbon.  The  clay  cavity 
'\&  filled  with  dilute  sulphuric  acid,  but  the  glass  contains  so  much 
concentrated  nitric  acid,  that  when  the  clay  cylinder  is  put  in, 
almost  the  whole  free  8])ace  of  the  glass  is  filled  to  the  narrow 
neck  of  the  vessel  with  the  last  named  lluid. 

The  upper  end  of  the  carbon  cylinder  projects  beyond  the 
glass  and  is  slightly  conical,  so  that  a  likewise  slightly  conical 
ring  of  zinc  a  can  be  fastened  to  it.  This  ring  supports  by  means 
of  a  zinc  brace  ft,  a  hollow  zinc  cylinder  c  about  ST**""  in  height 
and  40""  in  diameter.  This  cylinder  c  is  suspended  in  the  clay 
cavity  of  the  next  glass  in  the  dilute  sulphuric  acid. 

Fig.  407  clearly  exhibits  the  manner  in  which  one  pair  of  zinc 
plates  is  connected  with  the  next,  the  diagrams  showing  the  nutlinca 
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no.  407.  of  four  pairs.     The  carbon  cy- 

linders nredistinguiBhed  by  diffe- 
rent horizontal  bands.  Wilhin 
each  carbon  cylinder,  we  kc 
two  white  rings  in  the  figoie; 
the  outer  one  represent*  ike 
ciny  cylinder  seen  from  abon^ 
the  inner  one  the  Einc  cylinder. 
The  zinc  cylinder  of  the  fir* 
gloss,  is  connected  by  a  stz^ 
with  the  zinc  ring  encirding  the 
charcoal  cylinder  of  the  second  glass.  In  like  manner,  a  nut 
atrip  connects  the  zinc  cylinder  of  the  second  glass  with  the  vat 
ring  of  the  third,  and  a  third  strip  joius  the  third  rinc  cyUndcr 
to  the  fourth  zinc  ring.  The  ring  placed  upon  the  first  carboo 
cylinder  enda  in  a  zinc  strip,  serving  as  a  positive  pole ;  the  ixac 
strip  n,  with  which  the  sine  cylinder  terminates  in  the  finrlh 
glass,  is  the  negative  pole  of  the  circuit. 

In  the  same  manner  we  may  construct  circtiits  of  any  oumbcr 
of  pairs. 

In  each  separate  pair,  the  +  current  posses  from  the  line  rine 
enclosing  the  carbon  through  the  strip  to  the  zinc  cylinder  uf 
the  next  glas8,  from  the  latter  through  the  dilute  sulphuric  arid, 
the  {)orc8  of  the  clay  cavity  and  the  nitric  acid  to  the  next  piett 
of  carbon,  &c. 

The  carbon  used  for  these  cyUnders  is  prepared  in  a  pectiliir 
manucr  from  coal  and  coke;  but  we  cannot  enter  here  into  an 
exposition  of  the  process. 

Grove's  battery  is  very  similar  in  its  construction  to  BunBe^M^ 
the  diifcrence  between  them  Ixung  principally  that  in  the  fonner 
platinum  is  used  instead  of  carbon. 
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ACTIONS  OF  THE  GALVANIC  CURRENT. 


'Pktftioloffical  actions  of  galvanic  piles. — ^Thc  convulsions  of  the 
produced  by  the  electricity  of  the  voltaic  piles,  arc  not  less 
%'io1ent  than  those  occajsioned  by  cooimon  electric  batteries ;  their 
intensity  depending  upon  the  number  of  pairs  of  plates,  that  is 
upon  the  amount  of  tension.  To  conduct  the  charge  of  the  piles 
thmugh  the  human  body,  it  is  necessary  to  moisten  the  hands,  as 
for  instance  with  salt  water,  the  epidermis  being  a  very  bad  con- 
ductor. On  touching  both  poles  of  a  pile  of  20  to  30  pairs  of 
plates  with  dry  fingers,  we  do  not  experience  the  slightest  sboek, 
but  the  charge  is  perceptible  the  instant  we  wet  the  hands.  The 
charge  of  a  pile  of  80  to  i  00  pairs  of  plates  is  very  marked. 

We  feel  a  shock  at  the  moment  in  which  we  close  the  circuit 
with  the  fingers ;  as  long  as  it  remains  closed,  the  electric  current 
circulates  through  the  body  without  producing  any  very  marked 
action  upon  the  feelings,  and  it  is  only  with  very  powerful  piles 
of  many  pairs  of  plates,  that  one  ia  conscious  of  a  burning  tingling 
sensation  at  the  places  where  the  current  enters  the  body.  A 
second  shock  ia  felt,  however,  at  the  moment  in  which  the  current 
is  reopened ;  but  this,  termed  the  separation  shock,  ia  much  weaker 
than  the  closing  shock. 

Even  a  simple  current  will  make  a  lightning-like  appearance 
flash  before  the  eyes.  We  may  make  the  experiment  in  various 
ways ;  thus,  for  instance,  we  may  bring  a  silver  plate  towards  the 
pupil  of  the  eye,  or  towards  the  eye-lid,  which  must  be  previously 
well  moistened,  and  then  touch  the  plate  with  a  piece  of  xinc  held 
in  the  moistened  hand,  or  retained  in  the  mouth.  On  conducting 
the  current  of  a  pile  through  the  eyes,  the  appearance  of  hght 
will  be  stronger. 

If  now  we  lay  a  piece  of  zii»c  above,  and  a  piece  of  silver  under 
the  tongue,  and  tl»en  bring  the  up]»er  extremities  of  both  metala 
in  contact,  we  shall  perceive  a  peculiarly  bitter  taste. 

Generation  of  light  and  heat  by  galvanic  cuTrents, — Galvanic 
currents,  like  the  electricity  of  friction,  ])roduce  heat  and  hght. 

If  wc  conduct  a  galvanic  current  through  a  metal  wire,  it  will 
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be  heated ;  the  connecting  wire  mu«t,  however^  be  very  ihort  snd 
thin,  to  yield  a  powerful  action.  The  intensity  of  the  heal  wSi 
depend  upon  the  size,  and  not  on  the  number  of  the  metal  pbtn. 
To  make  metallic  wires  red  hot,  it  is  only  necessary  to  use  a  sitopk 
current  of  large  surface,  as  represented  in  Fig.  408.  A  Bwuedi 
battery  is  also  well  adapted  for  thia  experiment.  Tbe 
larger  the  acting  sui*face  of  the  galvanic  apparatus,  the 
greater  may  be  ,the  thickness  of  tbe  wires  that  are 
to  be  made  red  hot  and  melted. 

Iron  and  steel  wire  attain   a  white  heat,  melt,  tDd 
bum  with  the  emission  of  vivid  sparks. 

Platinum  wires  become  vividly  glowing  and  mdt 
away,  if  they  are  made  short  and  thiu  enough  for  the  circuit  uwd 
in  the  experiment. 

Thin  gold-leaf  volatilizes,  and  as  one  cannot  use  it  for  toncfaio^ 
the  poles,  without  its  being  converted  into  vapour  at  the  place  of 
contact,  the  current  is  constantly  interrupted  and  again  closed,  by 
which  means  we  see  emitted  a  number  of  small,  shining  sjMrb 
of  a  greenish  colour.  Silver  tissue  exhibits  the  same  phenomeBA. 
If  we  fasten  to  each  of  the  poles  of  a  galvanic  circuit,  poiuUil 
pieces  of  carbon  (of  the  kind  and  size  used  in  the  carlH»i 
cylinders  of  Bunsen^s  battery),  we  shall,  as  soon  aa  these  point* 
come  into  contact,  perceive  an  imcommonly  glittering  light,  'Riu 
bright  light  can  be  seen  by  a  Bumen's  battery  of  only  four 
elements :  a  small,  brightly  luminous  star  appearing  where  the 
points  of  the  charcoal  come  into  contact  with  each  other.  By 
increasing  the  number  of  the  elements,  the  splendour  of  ihc 
appearance  considerably  increases ;  and  thus,  in  a  circuit  consistine; 
of  fi*om  30  to  50  elements,  we  may  obtain  a  light  far  exceeding  in 
brightness  Druminoiid* s  hydro-oxygen  light.  By  the  appLcattou  of 
this  number  of  pairs  of  plates,  we  may  remove  the  points  of  the 
pieces  of  carlnm  t4)lerably  far  from  e-ach  other,  if  only  the  cuntnt 
passes,  and  we  may  thus  obtain  a  splendid  bow  of  light,  formed 
by  the  glowing  particles  of  the  charcoal  which  pass  from  cme 
pole  to  the  other. 

Chetnical  actions  of  t!ie  voltaic  pile. — The  first,  and  movt 
important  chemical  action  of  the  pile,  was  discovered  by  Carlale 
and  NichoUon,  at  the  beginning  of  the  present  century,  (30th  of 
April,  1800).  These  two  natural  philosophers  had  haslily  built 
up  a  pile  of  coins,  zinc  plates,  and  damp  pieces  of  pastcbosnl, 
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tfpAer  to  repeat  some  of  the  experiments  of  Volta,  After  a  few 
trials,  the  smell  of  hydrogen  became  obvious,  and  NichoUon  was 
led  by  thiH  to  the  happy  idea  of  Buffering  the  current  to  pass 
tlirougb  tt  tube  tilled  with  water,  into  which  fluid  he  plunged  b4)th 
poles,  holding  them  at  some  distance  apart.  The  hydrogen  gas 
soon  rose  to  the  negative  pole  in  small  globules,  whilst  the  zinc 
wire,  connected  with  the  positive  pole,  became  oxidised.  If,  how- 
ever, a  platinum,  or  silver  wire  was  used  in  the  place  of  the  zinc, 
it  did  not  oxidise  ;  but  the  oxygen  likewise  rose  in  bubbles  to  the 
surface.  This  water  was  at  length  directly  decomposed  into  its 
elements.  Cavendish  certainly  had  already  shown  that  oxygen  and 
hydrogen  combine  to  form  water;  but  notwithstanding  all  efforts 
made  for  the  purpose,  no  one  had  yet  succeeded  in  accomplishing 
the  direct  decomposition  of  water.  A  suitable  apparatus  for  the 
decomposition  of  water  is  represented  in  Fig.  40D>  It  consists  of 
a  glass,  in  the  bottom  of  which  two  platinum  wires 
/and/  are  inserted,  without  bting  suffered  to  touch 

fcach  other.  Two  glass  bells,  o  and  A,  are  filled 
with  water,  and  set  inverted  in  the  glass,  so  that  one 
may  cover  each  of  the  wires.  As  soon  as  the  wires 
/  and/,  are  brought  into  contact  with  the  poles  of 
the  circuit,  bubbles  of  gas  are  developed  in  large 
quantities.  Pure  oxygen  gas  always  rises  in  the 
bell  at  the  +  pole,  and  hydrogen  gas  at  the 
other.  It  will,  of  course,  be  understood  that  the  water  in  the 
bell  must  not  be  separated  from  that  in  the  vessel,  so  that  the 
current  may  pass  through  the  tluid  from  one  wire  to  the  other. 

The  development  of  gas  will  increase  in  quantity,  as  the 
distance  between  the  polar  wires  /  and  /  is  dimiixished,  and 
according  to  the  amount  of  surface  of  the  metal  standing 
in  contact  with  the  water.  In  many  apparatus,  therefore, 
serving  for  the  dccompoBition  of  water,  the  wires  have  been 
replaced  by  platinum  plates. 

Distilled  and  perfectly  jjure  water  is,  however,  but  slowly 
decomposed  in  this  manner ;  but  as  soon  as  we  pour  a  few  drops 
of  any  acid,  or  dissolve  a  few  grains  of  salt  in  the  water,  by  which 
the  conducting  power  of  the  fluid  is  considerably  heightened,  a 
very  strong  action  begins,  affording,  in  a  short  time,  a  large 
quantity  of  gas.  We  will  Bubsequeutly  consider  how  the  quantity 
of  the  gaa  developed,  depends  upon  the  force  of  the  current. 

The  apparatus  shown  in  Fig.  410,  may  be  used  where  we  do  not 
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FIG.  410.  care  to  have  the  two  kinds  of  gu  wp*- 

rated^  as  it  enables  us  to  deconiposc  s 
hirgcr  quantity  of  water,  owing  to  tht 
greater  vicinity  of  two  large  polar  plate* 
of  platinum.  The  explosive  gas  esapo 
through  a  curved  tube,  and  on  immerv 
iug  the  opening  of  the  latter  under  water, 
we  may  collect  the  gas,  or  make  the 
escaping  bubbles  detonate. 

The  quantity  of  oxygen  liberated  it 
the  4  pole,  and  collected  in  the  tube  o, 
(Fig.  409),  has  only  half  the  voinme  of 
the  hydrogen^  which  is  liberatoi  at  the 
other  pole,  and  rises  in  the  tube  A.  The 
gases  are,  therefore,  evolved  exactly  in  the  same  projwrtion  as  they 
combiue  with  water.  Water,  as  is  well  known,  consists  of  1 
equivalent  of  oxygen,  -f  1  cqui\'alcnt  of  hydrogen.  But  one 
equivalent  of  hydrogen '  occupies,  other  things  being  the  sanc^ 
twice  as  large  a  space  as  one  equivalent  of  oxygen.  The  gsicB 
evolved  from  the  pile  will,  therefore,  when  combined  together, 
again  yield  water. 

Groithuss  lias  given  the  following  explanation  of  this  remarkabk 
phenomenon,  which  is  now  generally  admitted  by  natural  philoso- 
phers to  be  correct.  When  hydrogen  gas  is  combined  with  oxvgrti 
to  form  water,  the  atoms  of  the  oxygen  become  negatively  electric 
iu  the  intimate  connection  established  between  the  smaller  particlesi 
while  the  atoms  of  the  hydrogen  are  positively  electric;  bat 
owing  to  the  uniform  distribution  of  the  particles  of  both  substanecsi 
the  combination  does  not,  of  course,  exhibit  any  liberated  electri* 
city.  If  now  water  be  placed  between  the  poles  of  a  galvank 
circuit,  the  +  pole  will  act  in  such  a  manner  upon  the  most 
contigTioua  particles  of  water,  that  the  —  constituent  will  be 
attracted,  and  turned  to  the  +  pole,  whilst  the  repelled  atom 
of  water  of  the  first  molecule  of  water  will  be  turned  away  firom 
the  4-  pole.  The  water-particle  1,  Fig.  411,  will  act  upon  I  he 
»io.  411.  particle   2,   in   such   a  manner  as  to   txmi  iti 

elements  to  the  same  side ;  in  a  similar  way  S 
will  act  upon  3,  &c.  It  therefore  follows,  that  all 
the  molecules  of  water  between  the  two  poles,  will 
turn  their  atoms  of  oxygen  to  the  -f  pole,  and 
their  atoms  of  hydrogen  to  the  —  pole,  somewhat  as  shown  in 
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411,  where  the  circle  represents  particles  of  water,  the  black 
half  the  atom  of  hydrogeu,  and  the  white  half  the  atom  of  oxygeu. 
If  now  the  attraction  exercised  by  the  -\-  pole  upon  the  atom  of 
oxygen  of  the  water-particle  1,  be  strong  enough,  it  will  tear  it 
violently  from  the  atom  of  hydrogen ;  this  latter  will  again  combine 
with  the  oxygen  of  the  water-particle  2 ;  the  hydrogen  of  2 
again  with  the  oxygen  uf  3,  &c.  In  this  manner,  a  constant 
decomiKtsition  and  recombination  of  the  water  will  go  on  along  the 
whole  line  between  the  poles,  but  it  is  only  at  the  poles  that  ita 
constituents  can  be  liberated. 

A  decomposition  of  water  occurs  in  the  cells  of  the  galvanic 
circuit,  exactly  in  the  same  manner  as  between  the  poles. 

Oxides  are  decomposed  by  the  galvanic  circle  in  the  same 
maoner  as  water.  Oxygen  appears  at  the  -f  pole,  the  radical  at 
the  —  pole.  The  following  experiment  will  answer  for  metallic 
oxides  that  are  reducible  :  if  we  strew  a  little  dry  pulverised  oxide 
upon  a  platinum  plate,  brought  in  connection  with  the  +  pole  of 
the  pile,  and  touch  the  j)owder  with  the  —  wire,  we  shall  soon 
sec  small  metallic  globules  appear  at  the  extretuities  of  the  wire. 
Oxides  less  easy  of  being  reduced  must  be  somewhat  moistened, 
C8j>ecially  if  they  are  in  a  pulverised  state.  The  water  will 
certainly  also  be  partially  decomposed,  but  this  will  only  serve  to 
increase  the  capacity  for  conducting  electricity.  After  a  time  we 
nhaU  sec,  when  the  pde  is  strong  enough,  small  metallic  globules, 
appearing  at  the  —  pole. 

A  new  e;>och  in  science  began  \\*ith  the  year  1807,  when  2>ary, 
by  means  of  a  galvanic  pile,  made  the  discovery  that  alcalics  could 
be  decomposed,  which  had,  until  then,  been  regarded  as  simple 
bodies.  iUcalics  and  earths  were  thus  ranged  in  the  class  of 
oxides,  and  chemistry  enriched  by  the  acquisition  of  two  new 
metallic  bodies,  potassium  and  sodium.  A  very  strong  battery  is 
neceaaary  to  decompose  potash.  If  we  make  the  experiment  in 
the  manner  above  indicated,  we  shall  see  numerous  globules  of 
metal  appear  at  the  negative  pole,  and  again  vanish,  with  the 
emission  of  sparks.  This  is  potassium,  liberated  in  the  decompo- 
sition of  potash.  Its  affinity  to  oxygen  is,  however,  so  great,  that 
on  being  brought  into  contact  with  the  air,  it  immediately  oxidises ; 
on  being  brought  into  contact  with  water,  it  abstracts  the  oxygen, 
and  inflames  the  hydrogen  gas,  and  has  the  appearance  of  fire. 
Potassium  must,   therefore,  not   be  kept  in    a    tluid  containing 
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oxygen.    Putroleum,  or  naptlia,  composed  of  carbon  aud  hydrogen, 
is  generally  used  for  thia  purpose. 

Seebeck  has  proposed  a  ineansby  which  the  jxitnssium  eviilrrdln 
means  of  a  galvnnic  pile,  may  be  collected  trith  more  certainty.  A 
hollow  is  made  in  the  piece  of  caustic  potash  we  wish  to  decom- 
pose, and  mercury  poured  into  it.  The  potash  in  then  laid  upon  a 
piece  of  platinum  in  connection  with  the  +  pole  of  the  pile,  while 
the  —  wire  plunges  into  the  mercury.  The  deconipositkn 
immediately  begins,  the  oxygen  is  liberated  in  the  platinum,  while 
the  potassiunii  combining  with  the  merciu'y  forms  a  tolcmblj 
consistent  amalgam.  We  may  then  separate  the  mcrcmy,  fajf 
distillation  in  an  atmosphere  of  petroleum  vapour,  and  thus  obfiUB 
tlie  potassium  in  a  pure  condition. 

Salts  can  also  be  decomposed  by  means  of  the  galvanic  ctirrenf, 
the  acid  appearing  at  the  +,  and  the  earthj  or  base,  at  the  —  pole. 
The  decomposition  of  salts  may  be  made  perceptible  in  the  fullot- 
iug  manner.  We  fill  a  V-formed  curved  tube  (Fig.  412)  with  t 
saline  solution,  which  is  coloured  violet  bv  tincture  of 
litmus.  If  now  wc  plunge  the  -f  polar  vnivt  into  tk< 
fluid  on  the  one  side,  and  the  —  wire  on  the  otiicr 
side,  the  fluid  will  be  red  at  the  -\- ,  and  blue  at  ibe 
—  pole.  On  changing  the  poles,  the  original  riokt 
hue  will  be  only  restored  by  de.grece,  red  appearing 
where  the  wire  was  blue  betbre  the  inversion  of  tbe 
poles,  and  mce  versd. 
If  we  pour  a  saline  solution  into  two  contiguous  vessels,  <»B- 
uected  by  a  moist  asbestus  cloth,  or  by  au  A-shaped  syphon,  filled 
with  the  fluid,  and  then  plunge  the  +  polar  wire  into  the  om 
vessel,  and  the  —  wire  into  the  other,  the  decomposition  wifl 
go  on  in  the  same  manner ;  and  after  a  time^  the  ncid  will  be  la 
the  vessel  into  which  the  +  wire  has  been  immersed,  and  the 
base  in  the  other.  Even  if  we  pour  the  earthy  solution  into  tit 
vessel  A  containing  the  +  polar  wire,  and  the  acid  into  the  odier 
B,  the  acid  wiU,  after  a  time,  be  in  j^,  and  the  base  in  A  This 
experiment  has  been  modified  in  various  ways. 

A  saline  solution  is  not  always  decomposed  into  the  acid  ud 
base  by  the  galvanic  current,  there  appearing  in  the  decompontaooi 
frequently,  only  one  or  other  of  these  bodies.  A  solution  of 
sulphate  of  copper,  for  instance,  is  so  decomposed  that  the  copper 
separates  at  the  —  pole,  whilst  the  oxygen  of  the  oxide  of  copper 
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no  longer  remaioB  in  its  former  combination  on  the  other  aide. 
This  dcconn»osition  of  sulphate  of  copper  is  beautifully  exhibited 
in  the  constant  circuit  of  Becquerel  and  Daniel,  already  described. 
When  the  circuit  ia  closed,  the  -f  current  passes  from  the  txnc 
tlirough  the  dilute  sulphuric  acid,  then  through  the  solution 
of  sulphate  of  copper  to  the  coj)per.  If  the  zinc  become  +  electric 
in  contact  with  the  copper,  and  the  latter  — ,  the  zinc  is,  of  course, 
tfie  + ,  and  the  copper  the  —  pole,  the  +  current  passes,  there- 
fore, through  tlie  zinc,  and  the  —  current  through  the  copper  into 
the  fluid.  On  the  one  side  of  the  partition  water  ia  decomposed, 
the  oxygen  passes  over  to  the  zinc,  forming  oxide  of  zinc,  which, 
diasolviug  in  the  acid,  forms  sulphate  of  zinc.  Tl»c  hydrogen  gas 
goes  to  the  partition,  where  it  forms,  as  it  were,  the  +  pole  for 
the  current  passing  into  the  other  fluid.  The  oxide  of  copper  is 
decomposed  by  this  ciurent,  the  oxygen  of  the  oxide  passes  to 
the  +  pole,  consequently,  to  the  wall  of  partition,  where  it 
combines  with  the  liberated  hydrogen  to  form  water,  whilst  the 
copper  at  the  —  pole,  that  is,  at  the  copper  plate,  is  separated  in 
the  metallic  form, 

A  highly  interesting  application  has  been  made  of  this  metallic 
precipitate  of  copper,  and  is  known  under  the  name  of  galvano- 
plastics  (electrotype) ;  it  is  only  necessary  to  give  a  definite  form 
to  the  —  elements  of  a  combination  of  this  kind,  to  obtain 
impressions  of  this  form  in  raetalhc  copper. 

It  ia  necessary  to  modify  somewhat  the  form  of  the  Becquerel  c\r- 
cuit  before  applying  it  for  this  purpose.   The  apparatus  represented 
in  Fig.  413,  is  especially  well  adapted  for  the  multiplication   of 
na,  413.  coins,   medals,    &c.    «  A    is   a    glass 

vessel  open  at  the  top,  about  6-8 
inches  in  diameter.  Within  tliis  hangs 
a  second  narrower  glasa  vessel  e  d 
likewise  opening  at  the  top,  but  closed 
at  the  bottom  by  having  a  bladder 
tied  to  it.  Somewhat  above  the 
middle,  a  wire  is  tightly  bound  roimd 
the  inner  vessel,  which  it  lifts  up  in 
such  a  manner,  that  the  bladder  is 
raittcd  from  1,5  to  2  mches  above  the  bottom,  the  wire  branching 
ont  in  three  arms,  which  are  attached  to  the  rim  of  the  outer 
vessel.  The  inner  vessel  is  filled  with  a  very  dilute  sulphuric 
acid,  while  the  space  intervening  between  the  inner  and  outer 
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cylinder  is  filled  with  a  aolntion  of  sulphate  of  copper.  Two  pieces 
of  wood  laid  cross-ways  support  in  the  sulphuric  acid  a  xiuc  bicick, 
to  which  a  copper  wire  is  soldered,  connecting  the  sine  hUkck  with 
the  mercury-cup  q.  A  second  copper  wire  passes  fironi  this  wp 
to  the  form  lying  in  the  solution  of  sulphate  of  copper,  which,  of 
course,  must  be  made  of  a  substance  more  electro- ncgatiTe  than 
zinc. 

Such  a  form  may  be  procured  by  taking  an  impression  of  a  coin 
with  Rosens  fusible  metal,  and  still  more  easily  by  means  of  wax  or 
stoArinc.  These  two  aubstanccs  must  be  fused  together  with 
finely  pulverised  graphitcy  and  the  liquid  then  poured  on  ihc 
metal,  which  must  be  protected  by  a  rim  of  paper,  when  a  very 
beautiful  form  is  obtained. 

Tliis  matrix,  however,  ia  not  a  conductor,  and  only  becomai  « 
by  covering;  the  surface,  which  is  to  receive  the  copper  with  a  thin 
delicate  layer  of  fine  copper  bronze.  This  coating,  which  may  be 
laid  on  with  a  fine  brush,  does  not  in  any  way  take  from  the 
purity  and  sharpness  of  the  outlines.  The  matrix  must  be 
plunged  into  the  solution  with  its  conducting  surface  turned 
upward.  The  copper  wire  requires  only  to  be  in  contact  with  the 
fine  gi'aphite  layer. 

The  portion  of  the  copper  wire  plunged  in  the  solution  d 
sulphate  of  copper  must  be  covered  with  shell-lac,  or  sealing-wis, 
to  prevent  metallic  copper  from  being  dej>ositefl  upon  this  wirc^ 
which  deposition  must  be  prevented  except  where  it  is  attadiid 
to  the  matrix. 

The  current  circulating  through  the  apparatus  is  very  weak;  Uu 
copper  deposits  itself  slowly  upon  the  coppcrsurfacc,  andsubaequentl; 
npon  the  copper  wire ;  it  is,  therefore,  necessary  from  time  to  time 
to  place  the  wire  at  a  different  part  of  the  mould.  The  layer  of 
copper  will  be  thick  enough,  and  may  be  removed  in  one  or  more 
days  according  to  the  strength  of  the  current.  The  coppT  clep(i«it 
is  most  regular  with  a  weak  current,  on  which  account  the  fluid 
in  which  the  xinc  block  is  plunged  should  be  only  slightly  acid. 

The  solution  of  i^ulphatc  of  cop(>er  becomes  lighltir  in  colour  lo 
pru[)ortion  to  the  copper  deposited  from  it-  It.  is  necessary  ncfs- 
sionally  to  renew  the  solution  as  it  becomes  exhausted. 

It  is  often  better  to  place  the  solution  of  sulphate  of  copper 
with  the  mould  in  the  inner  vessel,  and  the  acid  with  the  «nc 
block  in  the  outer  vessel. 

Many  important  appHcRtions  of  galvano-plastics  have  been  m«k 
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the  last  few  years ;  by  this  means  impressions  of  woodcuts 
have  been  taken,  which  retain  all  the  purity  and  sharpness  of  the 
on^nal  outlines,  and  thus,  as  many  fac-similca  as  we  Hke  may  be 
taken  of  the  original,  without  any  difference  being  perceptible 
between  the  first  and  last  impressions.  The  woodcuts  of  the 
original  German  edition  of  this  work,  from  which  those  in  our 
present  translation  arc  copied,  were  impressed  by  copper  type 
of  thia  description.  A  grraved  copper  plate  will  not  bear  many 
impressions  being  taken  of  it,  without  manifesting  a  decided 
deterioration  in  the  later  impressions.  Hence,  the  value  of  the 
proof-impression,  and  hence,  the  reason  that  steel  engraving  is  so 
much  valued,  for  a  steel  plate  will  bear  a  much  larger  number  of 
impressions  being  taken  of  it.  Steel,  however,  offers  decided  dis- 
advantages with  reference  to  art,  for  owing  to  the  hardness  of  its 
texture  it  opposes  great  difficulties  to  the  artist,  who  cannot 
possibly  complete  as  perfect  a  work  on  steel  as  on  copper.  Now, 
however,  a  means  has  been  devised  of  multiplying  copper  plates, 
even  when  of  a  large  size,  by  the  galvano-plastic  process,  so  that  the 
impressions  of  the  copies,  of  which  we  may  have  an  unlimited 
number,  are  quite  equal  to  the  original  plates. 

Kobell  of  Munich  has  proposed  a  method  by  which  pictures 
drawn  in  bistre  or  Indian  ink  may  be  multiplied  by  galvano 
plastically.  A  copper  plate  silvered  over,  is  used  for  painting  on, 
and  the  colour  prepared  for  the  purpose,  is  an  ochre  or  coke 
rubbed  up  in  a  solution  of  wax  and  oil  of  turpentine,  adding  a 
little  Dammara  varnish.  Tliis  colour  ib  laid  on  the  plate  in  such  a 
way,  that  the  brightest  lights  remain  free,  the  paint  laid  on 
thicker  in  proportion  to  the  depth  of  shadow  required.  As  soon 
aa  the  picture  is  finished,  a  wash  of  finely  pulverised  graphite  Ik 
laid  on  w^ith  a  tine  brush,  and  the  plate  is  put  into  the  galvauo- 
plastic  apparatus.  By  degrees  the  copper  is  precipitated  upon  the 
painted  plate,  forming  a  second  copper  plate  on  which  all  the 
lights  appear  smooth,  and  the  shadows  are  deeply  impressed ;  this 
plate  will  now  yield,  if  treated  like  a  graved  copper  plate,  impres- 
aions  similar  to  an  Indian  ink  drawing.  ThayeTj  of  Vienna,  has 
brought  this  method  to  great  perfection,  and  there  is  reason  to 
expect  that  it  will  prove  of  still  greater  practical  importance  to 
art. 

In  the  same  manner  as  copper  ia  precipitated  at  the  negative 
pole  of  the  circuit,  by  a  galvanic  process  from  a  solution  of 
sulphate  of  eopper,  other  metals,  as  gold,  silver,  platinum,  &c., 
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are  deposited  at  the  negative  pole  from  suitable  aolutions,  and  w« 
may  thus  gild  and  silver  other  metals,  &c.  It  i^ould  lead  u» 
beyond  our  proper  limita  were  we  to  enlarge  farther  upon  this 
subject. 

An  interesting  illustration  of  metallic  prccipitatiouB  is  presented 
by  the  NobiWs  coloured  rings.  If  we  pour  a  few  drops  of  a  «ola- 
tion  of  acetate  of  h'4id  upon  a  silver  plnte,  and  then  touch  the 
silver  in  the  middle  of  the  fluid  with  a  small  piece  of  line,  Mveril 
concentric  coloured  rings  will  be  formed  around  the  phwx*  of 
contact.  These  rings  appear  still  more  beautiful  on  putting  the 
fluid  between  the  i)ole8  of  a  pile  composed  of  many  plate's,  flatten- 
ing the  one  pole,  and  pointing  the  other,  and  then  turning  the 
latter  in  such  a  manner  to  the  former,  that  the  electric  cmrcnt 
passes  through  the  fluid  from  the  flattened  to  the  pointed  pole,  « 
vice  versd,  Nobili  obtained  similar  phenomena  of  colours  witll 
other  fluids. 

Chlorides,  iodides,  and  bromides  of  metals  are  simply  dooon- 
posed  by  the  electric  current,  the  metal  being  deposited  at  the 
negative,  and  the  chlorine,  iodine,  and  bromine,  at  the  positive  pole. 
The  weakest  current  is  capable  of  decomposing  iodide  of  potas- 
sium. 

On  exposing  aqueous  solutions  to  the  action  of  the  electric 
current,  the  result  of  the  decomposition  will  often  be  moditkd  by 
the  presence  of  the  water.  To  avoid  this,  Faraday  has  reduced 
many  bodies  to  a  fluid  state  by  fusion,  and  thus  cxj)08ed  them  to 
the  action  of  the  current.  He  thus  decomposed  chloride  of  lad» 
chloride  of  silver,  &c.,  laying  them  upon  a  glass  plate  and  fnsmg 
them  over  a  spirit  lamp,  and  then  immersing  both  |K)lar  wires  into 
the  fluid  mass.  If  polar  wires  of  silver  were  plunged  in  fluid 
chloride  of  silver,  the  silver  would  be  deposited  at  the  —  pole, 
which  hftd  attached  itself  to  the  wire,  whilst  the  other  silver  wire 
would  be  dissolved  by  the  liberated  chlorine. 

We  have  hitherto  only  spoken  of  decompositions  produced  bytbc 
galvanic  current,  but  this  current  also  favours  to  chemical  combina- 
tions. If  we  bring  any  easily  oxidisablc  metal,  as  zinc,  for  instaoCl^ 
near  the  +  polar  wire,  the  metal  will  very  easily  combine  with  the 
oxygen  separated  from  the  water,  zinc  only  dissolves  slowly  a 
diluted  sulphuric  acid,  if  it  be  quite  chemically  pure ;  on  touching 
it  with  B  piece  of  silver,  a  marked  development  of  gas  instant^f 
begins  to  take  place  at  the  silver,  while  the  zinc  combines  with 
the  oxygen  to  form  oxide  which  is  dissolved  by  the  acid. 


CHEMICAL    ACTIONS    OF    THE    VOLTAIC    PILE, 


385 


If  the  polar  wires  of  a  gnlvanic  battery  be  made  of  zinc,  aiid 
then  immersed  in  acidulated  water,  the  decomposition  of  the  water 
will  go  on  precisely  us  if  platinum  or  copper  wires  wci*e  u»ed.  The 
hytlrogen  gaa  will  be  separated  at  the  wire  of  the  negative  pole, 
nrhich  will  not  be  affected  by  the  acid^  as  would  otherwise  be  the 
ca»c  if  it  were  not  made  negatively  electric  by  its  connection  with 
the  pile,  and  thus  protected  from  oxidation ;  the  wire  of  the  pola- 
tiue  pole,  on  the  contrary,  will  be  so  much  the  more  rapidly  acted 
upon. 

A  metal  affected  by  an  acid  or  any  other  fluid  can  be  protected 
from  oxidation  by  being  brought  into  connection  with  a  metal 
positively  electrified,  so  as  to  form  the  —  pole  of  a  simple  circuit. 

Whilst  the  current  arising  from  the  contact  of  two  inetala 
plunged  in  the  same  fluid  increases  the  affinity  of  one  of  these 
for  one  element  of  the  fluid,  the  power  of  the  other  metal  to  un- 
dergo the  same  changes  is  proportionally  diminished.  Thus,  when 
a  zinc  and  a  copper  plate  come  into  contact  in  a  dilute  acid, 
the  tine  will  oxidize  more  rapidly,  and  the  copper  less  than  would 
otherwise  be  the  case.  Davy's  experiments  on  the  preservation 
of  the  coppering  of  ships  affords  a  beautiful  illustration  of  this 
principle.  A  copper  plate  when  immersed  in  sea-water  is  exposed 
to  a  rapid  oxidation  ;  but  if  the  copper  be  brought  into  contact  with 
sine  or  iron,  these  metals  will  be  dissolved,  and  the  copper  thus 
protected.  Datyy  has  ascertained  that  a  piece  of  zinc  of  the  size 
of  the  head  of  a  small  nail  is  sufficient  to  protect  40  to  50  square 
inches  of  copper. 

It  has  xmfortunatcly  been  shown,  however,  that  this  excellent 
mode  of  prc8er>'ing  copper  cannot  be  practically  made  use  of,  as 
oop(>er  must  be  acted  upon  to  a  certain  extent,  in  order  to  save  it 
from  hcing  inj  urcd  by  the  adhesion  of  sea- weed  and  marine 
animals. 

The  same  principle  has  been  appUed  by  vtm  Altkaus  to  prevent 
the  rusting  of  the  iron  pans  used  in  evaporating  brine.  Here, 
however,  the  protecting  zinc  could  not  be  applied  to  the  pans 
themselves,  as  the  sulphate  of  zinc  would  distribute  itself  through 
the  brine,  he  therefore  separated  the  corners  of  the  pans  by  a 
Aboard,  and  filled  these  spaces  with  zinc,  whose  bottoms  were  fonned 
with  iron  i)late8.  Thus  the  zinc  is  in  metallic  connection  with 
the  iron,  and  the  fluid  passes  in  sufficient  quantity  through  the 
wood  to  the  zinc  to  complete  the  circuit,  while  the  sulphate  of 
engendered  caiuaot  destroy  the  purity  of  the  solution  of  salt. 
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By  this  means,  evaporation  was  effected  at  a  lower  teinpa:atare, 
and  a  considerable  saving  made  in  the  expenditure  of  fdel. 

The  elecirO'chemical  theory. — The  hitherto  described  phenoman 
exhibit  remarkable  relations  between  chemical  and  electrical  foreei 
It  had  already  been  vaguely  conjectured,  that  electrical  forcei 
were  concerned  in  chemical  phenomena ;  this  view  was,  hov- 
ever,  only  confirmed  when  the  decomposition  of  water  was  effected 
by  the  voltaic  battery ;  that  is  to  say,  it  was  reserved  for  Davif  and 
Berselius  to  develop  these  views ;  and  they  established  the  electro- 
chemical theory,  according  to  which,  we  must  seek  for  the  foDds- 
mental  cause  of  chemical  combinations  in  electric  attractioiL 
Although  it  may  not  be  fully  proved,  that  chemical  affinity  md 
electrical  attraction  are  perfectly  identical,  it  must  be  confeaed, 
that  this  theory  combines  many  facts  into  one  connecting  bond  ia  i 
manner  that  cannot  be  refuted  by  experience. 

As  zinc  and  copper,  when  brought  into  contact  with  each  otkr 
become  oppositely  electric,  so  also  according  to  the  electnh 
chemical  theory,  the  atoms  of  every  two  elements  become  qipo- 
sitely  electric  when  brought  into  contact  with  each  other ;  in  iboi^ 
all  elements  are,  according  to  the  signification  already  given  it 
page  363,  members  of  the  series  of  tension.  The  extrcones  of  thii 
perfectly  complete  series  are  oxygen  and  potassium,  the  fwnier 
being  the  — ,  and  the  latter  the  +  extremity.  The  following  n 
the  complete  series  of  tension. 


Oxygen 

Bromine 

Sulphiir 

Iodine 

Selenium 

Fluorine 

Tellurium 

Phosphorus 

Nitrogen 

Arsenic 

Chlorine 

Carbon 

Chromium 

Cerium 

Molybdanum 

Lanthenium 

Borax 

Yttrium 

Vanadium 

Cobalt 

Tungsten 

Nickel 

Antimony 

Iron 

Tantalium 

Cadmium 

Titanium 

Zinc 

Silicium 

Hydrogen 

Osmium 

Manganese 

1 
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■  2^ 

^1  Gold  Zirconium 

^B  Iridium  Aluminum 

^B  Rhodiii  m  Thorinc 

^B  Platinum  Beryllium 

^H  Palladium  Magnesium 

^B  Mercury  Calcium 

^H  Silver  Strontium 

^H  Copper  Bai'ium 

^B  Uranium  Lithium 

^M  Bismuth  Sotlium 

^P  Lead  PotassiuQi. 

w 

V^is  series  contains  all  the  simple  substances,  and  to  each  its 
place  is  assigned,  although  there  is  still  much  uncertainty  in  this 
respect,  and  the  position  of  most  bodies  in  the  scries  of  tension 
u»  only  approximatively,  but  not  accurately  determined.  This 
position  has  only  liecn  ascertained  by  direct  experiment  for  a 
▼cry  few  bodies ;  the  place  of  the  majority  having  been  conjectured 
£rom  their  chemical  relation. 

According  to  the  electro-chemical  theory,  the  atoms  of  the 
elements  are  not  electrical  in  themselves,  but  become  so  on  being 
brought  into  contact  with  others,  whence  it  happens  that  the  same 
body  may  at  one  time  be  -f- ,  and  at  another  —  electric.  Thus,  for 
instance,  sulphur  in  combination  with  oxygen  is  the  electro-positive, 
and  in  conjunctiou  with  hydrogen  the  electro-negative  element. 

We  have  seen  that  two  heterogeneous  metal  plates  brought  into 
contact  with  each  other  become  oppositely  electric;  but,  that  the 
greatest  part  of  the  electricity  developed  remains  combined  on 
the  s\irfacc  of  contact ;  the  same  is  the  case  ■with  ehcinicnl  combi- 
nations. l(,  for  instance,  a  particle  of  oxygen  and  one  of  hydrogen 
come  into  contact,  the  former  will  become,  — ,  and  the  latter  + 
electric,  both  electricities  will  attract  each  other,  and  combine  almost 
perfectly,  owing  to  their  close  appruxiuuitiou.  If,  however,  there 
ia  a  little  free  +  electricity  on  the  one  particle,  and  —  electricity 
on  the  other,  the  chemical  combination  cannot  give  any  evidence 
of  free  electricity,  owing  to  the  -(-  and  —  particles  being  uni- 
formly distributed ;  thus,  wherever  wc  lay  our  hands  on  the  body 
an  equal  number  of  +  and  —  electric  particles  will  be  touched. 

In  the  first  place,  the  simple  substanees  combine  to  form  binary 
compounds.  The  compound  bodies,  att  the  oxygen,  sulphur,  and 
chlorine  combinations,  exhibit  among  themselves  a  relation  similar 
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to  that  of  simple  substances ;  these  binary  combinatkms  oT  tlie 
simple  elementB,  oxides,  sulphurets,  and  chlorides,  &a,  which 
are  characterised  by  negatively  electric  properties,  and  at  tk 
same  time  capable  of  euteriug  into  eombinatiuus  of  a  bi^W 
order,  are  termed  acidg;  while  those  constituting  the  part  of  tic 
positively  electric  constituents  are  called  saliabie  hoMCt.  ^d 

The  character  of  an  acid  is  generally  so  much  the  more  stnnf^ 
expressed  in  proportion  to  the  contiguity  of  its  elements  to  the 
negative  end  of  the  scale  of  tension,  hence  sulphuric  acid  i«  the 
strongest  of  all  acids.  Oxygen  forms  aeids  in  connection  with 
the  bodies  standing  at  the  head  of  the  above  aeries,  and  bMO 
with  the  elements  at  the  positive  end;  thus  potassium  is  the 
strongest  of  all  bases. 

When  the  same  body  combines  in  several  different  proportioai 
with  oxj'gen,  the  combination  will  be  so  much  the  more  ncgatiTdy 
electric,  because  it  will  assume  more  of  the  acid,  and  less  of  the 
properties  of  a  base,  in  proportion  as  the  electro-negatiTe  eleoMati 
the  oxygen,  predominates.  Thus,  1  equivalent  of  mangBOCie 
combined  with  1  equivalent  of  oxygen  forms  onde  of  mangaMMi 
which  possesses  the  properties  of  a  base,  whilst  1  equivaleot  of 
manganese  +  3  equivalcuts  ox}'gcD  form  manganic  acid. 

The  electro-chemical  theory  does  not  in  its  present  limiti 
embrace  an  explanation  of  all  chemical  phenomena ;  bat  the 
classification  of  btKlies  founded  upon  it  agrees  sufficiently  with  their 
relations,  so  as  to  give  a  clear  insight  into  chemical  laws. 

Tlie  electrofi/iic  law. — No  electric  current,  or  compmtiTely 
only  a  very  weak  one  can  pass  through  a  fluid  without  ita  pmtgr 
being  attended  by  chemical  decomposition.  Such  a  decompo*- 
tion  as  this  occurs  in  every  cell  of  every  galvanic  apparatu*,  tf 
long  as  the  circuit  remains  complete,  and  Faraday  has  shown  thit 
the  quantity  of  the  electric  current  is  proportional  to  the  deoooh 
position  taking  place  in  each  individual  cell. 

It  cannot  be  denied  that  an  intimate  relation  exists  between  the 
passage  of  the  electric  current  through  fluids  and  their  decomposi- 
tion, and  it  may  even  be  asserted,  that  the  passage  of  the  elcctricstf 
is  effected  by  chemical  dccompositioTi.  The  positive  earrent 
passes  in  every  cell  from  the  zinc  through  the  fluid  to  the  copper, 
but  the  particles  of  the  hydrogen  pass  in  tiie  same  direction ;  thcf 
are  the  conductors  of  the  +  electricity,  which  is  conveyed  by 
them  to  the  copper  plate.  Indeed,  we  have  seen,  that  in  accord- 
ance  with    the    principles    of   the    dectro-cheTOica!    theory,    the 


THE    ELSCTROLYTIC    LAW. 


889 


eknients  are  held  firmly  toother  in  each  atom  of  water  brcaitsc 
oxygen  and  hydrogen  brought  into  contact  become  opjwsitely 
electric,  and  because  these  opposite  electricities  of  the  elcmeuta 
of  water  mutually  combine  with  each  other.  When  a  particle  of 
hydrogen  is  separated  from  its  oxygen,  all  its  combined  electricity 
will  be  liberated;  it  will  be,  however,  immediately  recombined  when 
the  hydrogen,  on  the  other  hand,  combines  with  another  particle  of 
oocygen,  and  thus  each  atom  of  hydrogen  will  carry  off  its  combined 
+  electricity,  whilst  at  the  same  time  its  positive  electricity  will 
he  bberated  at  the  —  pole  with  the  hydrogen. 

^Tiilat  the  ordinar)'  zinc  of  commerce  is  rapidly  dissolved  when 
plunged  into  dilate  sulphuric  acid,  chemically  pure  zinc  or  amalga- 
mated aine  will  remain  unaffected  in  the  same  fluid.  If  we  construct 
a  galvanic  circuit  with  chemically  pure,  or  amalgamated  zinc  plates^ 
no  decomposition  can  possibly  occur  in  such  a  circuit  while  open. 
But  the  moment  it  is  closed,  a  decomposition  of  water  begins  in 
every  cell;  there  is,  howe^'er,  no  more  water  decomposed  nor 
sine  dissijlved  than  is  necessary  to  conduct  the  circulating  current  ; 
Uie  quantity  of  the  dissolved  zinc  must  therefore  stand  in  a  deliuite 
tion  to  this  current.     Faraday  made  use  of  the  current  of  such 

circuit  for  the  decomposition  of  water,  and  ascertained  definitively 
the  amount  of  explosive  gas  evolved  in  a  given  time.  It  was  thus 
found  that,  for  each  equal  jwrtion  of  hydrogen  gas  liberated 
between  the  polar  wires,  or  rather  the  plates  of  the  poles  32,3 
equal  portions  of  zinc  were  dissolved  in  each  cell.  But  now  the 
weights  of  the  chemical  equivalents  of  hydrogen  and  zinc  are  to 
each  other  as  12,48  to  403,23,  or  as  1  to  32,3.  For  every 
equivalent  of  hydrogen,  therefore,  evolved  in  the  decomposing 
evils  1  equivalent  of  zinc  must  be  dissolved  in  each  cell  of  the 
circuit. 

If  the  same  current  be  conducted  through  4  decomposing  cells, 
of  which  the  first  contains  water,  the  second  chloride  of  silver,  the 
third  chloride  of  lead,  the  fourth  chloride  of  tin,  all  in  a  Quid 
condition,  the  quantities  of  hydrogen  gas,  silver,  lead,  and  tin, 
which  are  precipitated  at  the  four  —  poles  arc  to  each  other, 
as  1:  108:  103,6:  57,9,  whilst  at  the  -f  poles  ox)'gen  and 
chlorine  are  separated  in  the  proportions  of  8 :  35,4.  Similar 
facts  have  been  demonstrated  for  many  other  composite  bodies. 

It  follows  from  these  facts,  that  the  chemical  cquivalenta 
represent  those  relative  weights  of  the  substances  which  assume 
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an  equally  strong  electric  polarity  in  connection  with  one  and  tbe  > 
same  element.  ^ 

Theory  of  constant   circtdts. — ^The 
which  only  one  fluid  is  used,  gives, 

uncommonly  strong  current  at  the  fu'st  moment ;  thisj  hxmtm, 
soon  abates  in  intensity,  whilst  in  the  Bca/uerei  circuits,  Dtcmd^j 
Groves',  Bunseti's  apparatus,  the  current  continues  with  nnabsted 
force.  Now  that  we  have  learnt  to  niidcrstand  the  chcmial 
phenomena  in  the  circuit,  we  may  be  able  to  explain  why  the 
current  remains  constant  in  the  one  kind  of  apparatus,  and  lo«es 
rapidly  its  intensity  in  the  other. 

A  rinc  and  a  copper  plate  united  by  a  copper  wire  at  the  top, 
are  plunged  into  a  vessel   (Fig>  41-1)  filled  M-ith  a  solution  uf 
sulphate  of  zinc.      At   first   a    toleralitT 
strong  current  will  be  engendered,  which, 
however,  will  soon  abate,  and  tiually  entireJy 
cease.      The  reason  of  this  cessation  mil 
be  soon   luiderstood  on   considering  tbc 
process  of  the  decomposition ;  the  oxide 
of  zinc  of  the  solution  is  soon  decomposed, 
the   oxygen   attaches   itself   to   the  smc 
plate  in  order  to  form  a  new  oxide,  wbibt 
on  the  other  side  metallic  zinc  is  precipi- 
tated on  the  copper  plate ;  after  a  time  the  copper  plate 
wholly    covered    over    with    iiiic,  when    the   current   of 
ceases.     The  copper  is  now  no  longer  in  connection  with  the 
but  there  is  zinc  on  both  sides  of  the  copper,  and  of  the  fiuid ; 
the  copper  becomes  negatively  excited  where  it  ia  soldered  to  the 
zinc  plate,  but  this  excitement  does  not  occasion  any  current,  since 
the  newly  formed  zinc  coating  gives  rise  to  a  totally  opposite  one. 

If  we  take  dilute  sulphuric  acid  instead  of  the  solution  of  oxidro/ 
zinc,  the  water  of  the  fluid  between  the  zinc  and  copper  plate  will  be 
decomposed  ;  in  the  place  of  the  zinc  which  is  precipitated  on  ihc 
copper  plate,  as  in  the  former  case,  tbc  hydrogen  will  now  be  hb^- 
rated,  the  coj)per  i)latc  will  be  covered  with  a  coating  of  hvdro^^ 
which  will  not,  however,  come  into  such  intimate  connection  with  the 
copper  as  in  the  former  case,  and  cannot,  therefore,  so  completcif 
prevent  the  fluid  from  coming  into  contact  with  the  copper  plat?  s» 
in  the  other,  A  total  cessation  of  the  current  is,  Ihcrrforc,  uiX 
]>o&Biblc  here ;  but  the  separation  of  hydrogen  (which,  accordinf 
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Buff's  experiments  on  the  scale  of  tension,  stands  below  zinc), 
na  a  diminution  of  the  intensity  of  the  current  in  the  same 
as  in  the  other  case  the  deposition  of  zinc  had  done. 

If  the  reason  of  the  diminution  of  the  current  in  ordinary 
circuits  be  rightly  understood,  it  will  be  easy  to  find  a  method 
of  avoiding  this  occurrence ;  it  being  only  necessary  to  devise 
some  arrangement  by  which  the  separation  of  hydrogen  on  the 
copper  and  platinum  plates  may  be  prevented,  bo  that  these  plates 
may  always  remain  in  contact  with  the  fluid  in  the  same  manner. 

In  Becquerel's  and  DanieVs  circuit,  metallic  copper  is  deposited 
on  the  copper  plates  instead  of  hydrogen,  and  thus  a  pure  copper 
surface  is  always  left  in  contact  with  the  fluid.  In  Grove's  battery, 
the  platinum  is  surrounded  by  a  layer  of  nitric  acid,  wliieh  likewise 
circulates  round  the  charcoal  in  Bunsen's  apparatus;  this  acid 
prevents  the  sepamtitm  of  the  hydrogen  on  tliu  plutinum  or  the 
charcoal,  for,  at  the  moment  of  their  origiu,  the  dei^sited  particles 
of  hydrogen  are  again  oxidised,  and  nitrous  acid  formed. 

This  seems  to  be  the  most  suitable  place  to  say  a  few  words 
concerning  the  various  theories  that  have  been  advanced  in  explana- 
tion of  the  electrical  ]>lienoniena  of  galvanic  batteries,  as  they  have 
formed  the  subject  of  the  most  animated  discussions  betwecu 
difiereut  scientilie  men. 

Tlic  oldest  of  these  is  the  theory  of  contact,  established  by  Voita, 
according  to  which,  the  contact  of  different  metals  is  the  only 
source  of  the  electricity  of  the  pile.  Voita  had  devoted  especial 
attention  to  the  study  of  the  actions  of  tension  in  batteries,  and 
Uicse  are  explained  more  satisfactorily  according  to  liis  theory  than 
that  of  any  other.  He  doubtlessljt^disrcgarded  chemical  phenomena 
from  being  wholly  ignorant  of,  or  but  slightly  acquainted  with 
them,  and  hence  it  arises  that  he  did  not  devote  sufficient  attention 
to  the  part  played  by  the  fluids  in  the  circuity  considering  them 
merely  as  conductors,  and  not  as  electromotors. 

When  the  chemical  actions  of  the  battery  were  better  known 
more  accurately  obsen'^ed,  the  voltaic  theory  of  contact  was 
not  satisfactor}',  and  it  became  necessary  either  to  corroborate 
and  eidargc  upon  it,  in  order  to  admit  of  its  embracing  the 
newly  discovered  facts,  or  to  set  it  wholly  aside,  and  to  form  an 
entirely  new  hj-pothesis.  Both  methods  have  been  adopted,  and 
that  by  distingmslied  natural  philosophers. 

The  op]M>ncnits  of  the  theory  of  contact,  among  whom  FaraJ/tij 

st    be  specially  noticed,  consider  the  chemical  action  exerted 
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the  cup  of  the  apparatus  seen  in  FigA.  401  and  402),  orweuoA 
connect  tla-m  with  the  poles  of  the  Biauen  app^ 
nktu.%  securing  them  in  such  a  manner  that 
plantif  of  the  square  may  coincide  with  the  pi 
of  the  magnetic  meridian.     If  we  aasume  that 
wire  end  a  b  la  plunged  into  the  poBitivcly  el< 
mercury  cup,   the  current   will   circulate  in 
manner  indicated  by  the  arrows.     It  will 
from  b  to  c,  but  from  c  to  </   it   will  run  in  tie" 
direction  of  the  magnetic  meridian  huriiontally  from 
•outh  to  north,  thence  will  descend  from  d  to  e,  and  move  again  in 
a  horizontal  line  from  north  to  south  along  the  portion  of  wire  e/ 

On  holding  a  magnetic  needle  exactly  over  the  portion  of 
e  d,  it  would  remain  parallel  with  the  wire  c  ^,  if  no  action  of 
current  affected  it;  but  the  current  makes  the  needle  deviate ff 
such  a  manner  that  the  80uth  pole  (that  is  the  one  directed  towardft 
the  north)  lies  to  the  cast  of  the  magnetic  meridian.  If  we  hold 
the  needle  under  the  portion  of  wire  c  d,  the  end  of  the  needle 
turned  to  the  north  will  be  inclined  towai'ds  the  west. 

The  exactly  opposite  action  is  obaer\'ed  in  the  portion  of  wire  «/, 
in  which  the  current  moves  in  a  direction  parallel^  but  opposite 
to  that  of  the  current  in  c  d;  when  the  ncc<lle  is  held  exactly  onr 
f/  a  deviation  to  the  west,  and  when  held  below  it,  a  deviation  to 
the  east  will  be  obsened. 

At  first  great  difficulty  was  experienced  in  knowing  how  t8 
express  in  a  few  words  the  relations  between  the  direction  of  tbe 
current  and  of  that  of  the  deviation,  this  difficulty  has,  howcrov 
been  very  ingeniously  removed  by  Arnpere,  who  lias  given  the 
following  rule  for  ascertaining  at  all  times  the  direction  of  the 
deviation.  Suppose  a  Lttle  tigure  of  a  man  to  be  so  inserted  into 
the  wire  that  the  -f  cuiTcnt  shall  enter  at  the  feet  and  pass  oat 
at  the  head ;  if  then  the  face  of  the  tigure  be  turned  to  the  needle, 
the  south  pole  of  the  latter  (the  north  end)  will  always  be  inclined 
towards  the  left  side. 

The  figure  lies  horizontally  on  the  piece  of  wire  c  d,  the  Lead 
turned  to  the  north,  and  the  feet  to  the  south.  If  the  needle  be 
held  over  the  wire,  the  figure  must  lie  on  its  back  in  order  to 
have  the  face  tunuxl  towards  the  needle,  and  in  this  position  it' 
left  side  will  be  the  cast.  If  the  needle  be  held  below  the  wire,  the 
figure  must  be  turned  with  its  face  downwards,  when  the  left 
will  be  the  we^t. 
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(he  piece  of  wire  ef,  the  feet  of  the  figure  are  turned  to  the 
north  and  the  head  to  the  south ;  if  it  be  laid  on  its  back,  the 
IvA  Hide  \riU  be  the  west^  and  of  coarse  vice  versd,  if  we  lay  it 
on  its  face. 

If  a  horizontal  current  moving  in  the  direction  of  the  magnetic 
meridian  were  to  act  alone  upon  the  needle,  the  latter  would  place 
tteeli'  at  right  angles  to  the  magnetic  meridian ;  but  besides  the 
current  terrestrial  magnetism  comes  into  play,  and  strives  to 
bring  the  needle  back  again  into  the  meridian.  The  needle 
wUl,  therefore,  assume  a  middle  position  under  the  influence  of 
tbcac  two  forces,  making  an  angle  with  the  magnetic  meridian, 
which  will  approach  more  and  more  towards  a  right  angle  in 
proportion  as  the  force  of  tlie  current  is  comparatively  greater 
than  the  force  of  the  terrestrial  magnetism. 

The  vertically  directed  current  in  6  r  and  in  d  e  causes  the 
needle  likewise  to  deviate,  and  the  direction  of  this  deviation  may 
also  be  found  according  to  Ampere's  rules.  Let  us  suppose  this 
figure  standing  vertically  to  be  turned  towards  the  north  end,  this 
end  must  then  incline  to  the  left.  Here  wc  must  not  forget, 
howcA'er,  that  the  figou'e  must  stand  upon  its  feet  for  an  ascending 
current,  and  on  its  head  for  a  desct^udirig  one. 

It  follows  from  Amph'e's  rule,  that  the  same  vertical  current 

cither  attracts  or  repels  the  north  end  of  the  needle,  according  to 

the  side  of  the  wire  on  which  this  pale  is  placed.     In  Fig.   416 

A"  S  represents  a  horizontal  needle  seen   from  above,   N  ia  the 

no.  416.  north  end  of  the  needle,  to  a  vertical 

N's.  wire,    which    naturally    seems    con- 

'     ^^  tracted    to   a  point    as    seen    from 

above.  If  now,  a  +  current  pass 
from  below  upward  through  the  wire, 
we  must  suppose  the  figure  to  be 
uj)right;  but  if  this  upright  figure 
be  tiirnetl  with  its  face  towards  N,  and  the  pole  N  in  relation  to 
this  figure  be  turned  to  the  left,  as  the  arrow  indicates,  the  needle 
will  evidently  be  repelled  by  the  Avire.  If,  however,  the  needle 
it  in  the  position  A"'  8%  it  will  evidently  be  attracted  by  the^ 
wire. 

The  Mu!tipli^9^r  or  the  Gnhanometer.Shoriiy  after  OersiSd 
had  made  his  important  discovery  Schxvcigtjer  constructed  his 
multiplioirtfr  the  object  of  which  is  to  multiply  the  electro- 
magnetic action  of  the  current.     This  instrument  is  actually  so 
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sensitive,  that  it  niay  sene  to  detect  the  weakest  electric  correnU. 
All  parts  of  the  enrrcnt  traversing  the  elongated  pandlclugruB 
p  q  r  o  n.  Fig.  417,  in  the  direction  of  the  arrows,  act  in  a  similar 
way  ui>on  the  needle  n  b,  which  rotates  iu  i 
horizontal  plane.  If  c  be  the  south  end,  and  b 
the  north  end,  the  current  will  show  a  tcndciiCT 
at  all  points  to  turn  the  neeiUe  in  such  a  nianoer 
that  b  shall  project  beyond  the  plane  of  tbc 
The  lower  portion  of  wire^ 
the  aaine  m&nuer 
A  second  cancDl 


^ 


fifpirc,  whilst  a  will  retreat  brhind  it. 
therefore,  supports  the  action  of  the  upper  in 
as  docs  the  current  in  the  portions  p  q  and  r  o. 
of  the  same  force,  moving  in  the  same  direction  round  the  needle 
will  produce  as  great  an  effect  as  the  first,  and  thus  it  will  be  with 
a  third,  a  fourth,  &c.  A  wire,  thei-efore,  wound  round  a  nccdlt, 
in  100  convolutions^  all  of  which  arc  traversed  by  the  nmc 
current,  must  produce  an  action  of  100  times  greater  iutensitv 
than  one  of  a  single  convolution ;  the  current  must  not,  howercTy 
be  propagated  laterally  from  one  winding  to  the  other,  but  miut 
traverse  the  wire  throughout  its  whole  length,  being  carritd 
actually  round  the  needle.  To  effect  this,  we  take  a  copper 
wire  from  15  to  20  metres  in  length,  and  closely  twined  round 
with  silk,  which  is  then  wound  upon  a  wooden  or  metallic  &wnc. 
The  two  extremities  of  the  wires  of  the  multiplieato£j  miut  remain 
free,  so  that  they  may  be  brought  into  contact  with  the  poles  of  the 
galvanic  circuit.  The  needle  is  suspended  by  a  silk  untwisted  thread, 
and  the  whole  apparatus  protected  fipom  cun-ents  of  air  by  a  gla» 
bell.  On  making  an  experiment  with  this,  we  place  the  frame  in 
such  a  numner  that  the  planes  of  the  circumvolutions  fhaD 
coincide  with  the  magnetic  meridian,  when  the  needle  will 
likewise  be  in  the  plane  of  the  circumvolutions  while  no  currcnt 
is  passing,  but  as  soon  as  this  is  established  the  needle  will 
deviate  in  proportion  to  the  intensity  of  the  current. 

Nobili  has  made  a  multipht^tori  intinitcly  more  delicate  thn^ 
the  one  we  have  been  considering,  by  making  use  of  two  needks 
with  opposite  poles,  instead  of  one  needle,  as  seen  in  Fig.  418, 
FIG.  418.  »io.  419.  and   still    better    in    Fig. 

419.       In    a    Bvatcm  of 

« 

needles  of  this  kind,  the 
directing  force  of  the 
earth's  magnetism  is 
very     inconsiderable,     it 
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bdfig  only  the  difference  of  the  forces  with  which  the  terrestrial 
mgnctisni  strives  to  direct  each  needle.  If  both  needlea  were 
ftbsi3lutely  equals  and  possessed  a  perfectly  equal  auiount  of  mag- 
netisnij  the  directing  force  exercised  by  the  earth  upon  this 
syMeni  would  be  null.  But  one  of  the  needlea  is  suspended  within, 
»nd  the  other  over  the  coils  of  wire,  both  will  therefore  be  turned 

towards  the  same  side  by  the  current. 
An  apparatus  of  this  kind  is  extremely 
delicate. 

To  connect  the  wires  in  a  secure 
manner,  we  must  either  pass  both 
through  a  perfectly  straight  blade  of 
straw,  or  secure  theni  to  a  very  thin 
wire,  as  seen  in  Fig.  419. 

The  upper  needle  moves  in  a  circle 
divided  into  360  degrees.  The  line 
connecting  0  and  180^  is  marked  upon 
the  magnetic  meridian;  n-ht-u  there  is 
no  ciu-rcnt  passing  through  the  convolu- 
tions the  needle  points  to  0^.  The 
deviation  of  the  needle  increases  with 
the  increasing  force  of  the  current; 
this  force  is  not,  however^  proportional  to  the  angle  of  deviation. 

The  diroction  of  the  deviation  of  the  needle  determines  the  direc- 
tion of  the  current. 

Fig.  420  represents  a  complete  galvonometcr,  and  421  exhibits 
the  frame  with  the  coils  of  the  wire  as  seen  from  above. 

The  Tangent  Compass. — When  we  have  to  do  with  stronger 
currents,  it  is  not  necessary  to  use  an  astatic  needle,  or  to  wind 
the  wire  so  many  times  round  the  needle ;  we  arc  consequently 
ennbled  to  construct  instruments  in  which  the  angle  of  deviation 
stands  in  a  simple  relation  to  the  force  of  the  current.  The  most 
simple  and  useful  apparatus  for  measuring  powerful  currents  is 
the  to-called  tangent  compass  represented  at  Fig.  422.  The 
current  is  conducted  by  a  circularly  f(»rmed  vertical  cop|)er  strip 
round  the  needle,  which  is  in  the  middle  of  the  circle,  compared 
with  whose  diameter  it  is  very  small.  The  current  is  conducted 
through  a  hollow  copper  cylinder,  from  which  it  passes  into  the 
circular  band,  while  the  other  end  of  the  copi)er  ring  is  in  con- 
nection with  a  copper  rod  passing  through  the  centre  of  the 
copper   ttabe,   without    being     in     contact    with     it.      Thus   the 
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current  may  rise  through  the  hollow  copper  cjlinder,  and  pM» 

over  to  the  copper  nng,  tn- 
versing  its  whole  length,  and 
returning  again  through  tk 
copper  rod,  which  is  inflokted 
in  the  middle  uf  the  cylinder. 

The  apparatus  is  so  pUoedi 
that  the  copper  ring  bes  ii 
the  plane  of  the  magnetir 
meridian,  the  needle  natunOy 
being  in  this  caae  in  tbe 
vertical  plane  of  the  ring,  and 
pointing  to  the  0  of  the  grs* 
duated  division  ;  as  soon,  how- 
ever, as  a  galvanic  carwflt 
passes  through  the  copper  nng, 
the  needle  is  made  to  deviate^ 
and  the  force  of  the  current  will  be  projwrtional  to  the  trigono- 
metrical tangent  of  the  angle  of  deviation,  hence  the  name  of  the 
instrument. 

Force  of  the  galvanic  circuit. — The  agent  which  produeei 
the  phenomena  of  galvanism  is  nothing  more  than  the  eloctriciiy 
generated  in  the  electrify-ing  machine  and  in  the  electrophonis,  onlj 
here  the  electricity  is  in  motion,  and  there  it  is  at  rest ;  the  uot 
presents  ua  with  phenomena  of  motion,  the  other  those  of  preasure; 
the  one  affording  us  an  abundant,  the  other  a  comparatively  poor 
supply  of  electricity. 

We  may,  perhaps,  make  the  true  relation  of  the  matter  clearer  by 
an  illustration.  Thus  we  may  compare  the  electrifying  machine  to 
a  well,  which  yields  water  but  sparingly,  but  lies  high  on  a  hdl. 
The  water  may  be  collected  in  a  narrow  conducting  pipe  contiourd 
into  the  valley  and  closed  below.  The  walls  of  this  tube  hart 
naturally  to  sustain  a  great  pressure,  especially  at  the  lower  end, 
although  the  masa  of  water  in  the  tube  may  be  sniaJL  At  tbe 
lower  end  of  the  tube  there  is  an  opening  closed  by  a  valrr, 
which  is  pressed  against  the  aperture  by  a  spring  or  a  weight. 
The  more,  however,  the  column  of  water  rises  in  the  tube  tk 
stronger  will  be  the  pressure  ;  and  when  the  external  c^iuuter  prt»- 
sure  no  longer  suffices  to  afford  resistance,  the  valve  Hill  be  opt-ntd, 
and  the  water  will  rush  violently  forth,  at  the  same  time,  bowcTCTf 
the  level  of  the  water  iu  the  tube  will  ra])idly  sink ;  the  extern*! 
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iresfiurc  will  again  acquire  a  preponderating  force  and  close  the 
perture.  By  dcnrces  the  tube  will  be  refilled,  and  after  a  time 
he  water  will  rise  so  high,  that  the  valve  will  be  again  opened. 

In  the  electrilyiug  niachiue  the  conductor  is  the  vessel,  or 
xmducting  pipe,  in  which  the  electricity  is  accumulated.  If  we 
wing  a  conductor,  as  the  knuckle  of  the  finger  to  the  one  end  of 
the  conductor,  the  greatest  accumulation  of  electricity  will  take 
liacc  J  the  electricity  will  have  a  tendency  to  pass  to  the  finger ;  but 
he  layer  of  air  between  the  conductor  and  the  hand  representing 
the  weight  which  holds  the  valve  down,  will  hinder  its  passage.  It 
■  only  when  the  electricity  on  the  conductor  has  accumulated  to  a 
certain  amount  that  the  resistance  is  overcome,  the  layer  of  air 
irokcn  through  and  the  conductor  partly  discharged.  On  bring- 
ing the  finger  still  nearer  to  the  conductor,  the  resistance  opposed 
to  the  passage  of  the  electricity  is  diminished,  which  again  corres- 
ponds to  the  abatement  of  the  pressure  that  keeps  the  valve  of 
the  conducting  pipe  closed. 

If  the  opening  at  the  lower  end  of  the  conducting  tube  were 
QOt  shut  by  the  valve,  the  water  would  flow  out  in  the  same 
proportion  as  that  supplied  by  the  spring,  and  the  accu- 
nulation  of  the  water  together  with  the  pressure  sustained  by  the 
vralls  would  cease.  As,  however,  the  spring  yields  only  a  small 
qiuintity  of  water,  very  little  will  How  from  the  aperture,  and  the 
water  which  was  able  to  bear  so  great  a  pressui'c  when  accumu- 
lated in  the  tube,  can  scarcely  produce  any  perceptible  mechanical 
effect  when  it  is  suffered  to  flow  freely  out. 

The  case  of  the  conductor  of  the  machine  being  brought  in 
conducting  communication  with  the  earth  or  the  rubber,  corres- 
ponds to  the  free  discharge  of  water  from  a  scantily  supplied 
spring.  All  tension,  or  accumulation  of  electricity  on  the  con- 
ductor ceases ;  the  thinnest  wire  being  then  able  to  draw  off  all 
the  electricity  from  the  conductor;  while  the  freely  discharging 
electricity  scarcely  gives  the  slightest  evidence  of  those  powerful 
actions  observed  in  galvanic  apparatus. 

A  galvanic  apparatus  is  like  a  very  copious  spring  having  an 
incouaiderable  fall,  and  whose  water  is  freely  discharged  in  wide 
channels.  The  whole  mass  of  the  water  exercises  but  a  trifling 
pressure  on  the  walls ;  but  it  is  capable  of  producing  mechanical 
effects,  moving  wheels,  &c. 

If  a  large  Leyden  jar  be  discharged  by  a  thin  wire,  the  latter 
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will,  as  we  have  already  seen,  become  red  hotj  owing  to  the  quantitj 
of  electricity  passed  through  it.  The  action,  however,  is  only 
momcntan,',  as  all  the  electricity  accumulated  in  the  jar  by  ihc 
couttuued  turuiug  of  the  machine  passes  in  a  momeut  through 
the  thin  wire.  The  case  is  totally  different  when  wc  unite  by 
a  thin  short  wire  both  poles  of  a  galvanic  apparatus  with  \ar^ 
plates.  The  wire  will  become  red  hot  even  when  it  is  far  thiclui 
than  the  wire  heated  by  the  discharge  of  the  Leydcn  jar: 
but  here  the  heating  is  not  momentary,  but  continues  as  long 
as  the  current  passes  through  the  wire ;  at  every  momeut,  thcfp* 
fore,  the  galvanic  apparatus  yields  incomparably  more  electricity 
than  can  be  accumulated  in  the  Leyden  jar  by  a  continui4 
turning  of  the  luachine. 

Let  us  now  proceed  to  examine  the  cireumstaaces  on  wfaici 
depends  the  quantity  of  electricity  which  can  be  engcndaed  by 
a  galvanic  apparatus. 

MTien  two  metals  are  brought  into  contact,  if  only  at  a  few  imioU^ 
we  at  once  obtain  an  abundant  supply  of  electricity.  We  have  alrewly 
seen  that  we  cannot  form  a  galvanic  apparatus  without  such  bodk* 
as  belong  to  the  series  of  tension.     Galvanic   circuits  are  con-i 
trueted  of  metals  and  duids ;  the  latter,  however,  are  not  goodj 
conductors    of    electricity,    and   rank   in  this   respect    far  briit 
metals.     The   moist  laj'ers   intervening  between   the  metal  plats^j 
of  the  voltaic  pile  are  not  able  in  a  given  time  to  give  a  pattty 
to  all  the  electricity  which  in  the  same  period  of  time  may  po^ 
Bibly  be  engendered  by  the  electromotor  force  of  the  pile.     It  wiD 
of  course  be  understood  that  the  quantity  of  the  electricity  which 
can  circulate   in  stich  an  apparatus  depends  upon  the  diagoual 
section  of  the  moist  layers ;  now  as  the  diagonal    sectioD 
moist  conductor  in   the  voltaic  pile  depends  u]x>u  tlie  alzc 
double  plates,  we  may  by  increasing  the  size  of  the  latter^  anj 
the  quantity  of  the  electricity.     We  shall  subsequently  lean' 
experimental  proofs  to  test  the  correctness  of  this  new. 

With  the  increase  of  the  plates  in  the  voltaic  pile,  the  soifaeea 
of  contact  between  the  copper  and  zinc  also  increase ;  that  tW 
increased  quantity  of  the  electric  current  is  not  occasioned  by 
this  circumstance  is,  however,  proved  by  the  fact  that  the  apf*- 
ratus  deUneated  in  Figs.  401,  402,  and  404,  which  have  a  large 
diagonal  iluid  surface  intervening  between  the  copper  and  fine, 
yield  a  considerable   quantity  of  electricity,  although    the  twu 
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are  only  brought  into  contact  at  a  proportionally  small 
namely,  where  the  copper  wire  is  soldered  to  the  zinc 
eyUcder  or  plate. 

Everything,  therefore,  which  promotes  the  passage  of  elec- 
tricity through  the  fluid  conductor  effects  an  immediate  increase  of 
the  quantity  engjendered.  The  shorter  the  course  is  which  the 
clcctncity  must  traverse  in  passing  through  the  Huid,  and,  conse- 
quently^  the  thinner  the  fluid  layer  between  the  metal  plates,  the 
greater  will  be  the  quantity  of  electricity  that  can  circulate  in  the 
apparatus.  Thus,  the  gi'eatcrthe  conducting  power  of  the  lluid,  and 
the  closer  the  metal  plates  approximate  to  each  other  in  the  fluid, 
the  greater  will  be  the  electric  quantity  of  the  current. 

Let  us  now  inquire  into  the  influence  exercised  by  the  number 
of  the  double  plates  upon  the  galvanic  current.  If  wc  suppose  a 
moist  disc  or  layer  to  be  placed  between  a  zinc  and  a  copper 
plate,  and  the  rnctals  uuited  by  a  cupper  wire,  we  shall  have  a 
closed  simple  galvanic  circuit.  The  resistance  to  be  opposed  by 
the  current  in  the  moist  conductor  is  incomparably  greater  than 
the  resistance  opposed  by  the  wire  to  the  circulation  of  the  current; 
the  n])paratU3  yielding  far  more  electricity  than  the  moist  con- 
ductor can  transmit.  If  we  double  the  number  of  elements, 
connecting  the  uppermost  copper  plate  by  a  copper  wire  with  the 
lowest  zinc  plate,  we  shall  have  a  circuit  of  two  elements.  The 
question  here  arises,  as  to  whether  by  this  arrangement  a  larger 
qnantity  of  electricity  can  be  made  to  circulate  than  in  the  above 
considered  simple  circuit  ? 

In  the  simple  circuit,  the  quantity  of  the  circulating  electricity 
IB  limited  by  the  resistance  of  the  moist  conductor ;  now,  this 
resistance  is  doubled  by  the  second  moist  layer ;  but  then,  on  the 
other  hand,  the  tension  urging  the  passage  of  the  electric  current 
has  become  twice  as  great,  and,  consequently,  an  equal  quantity  of 
electricity  will  circulate  in  both  cases.  The  increase  of  the  number 
of  double  plates  does  not  tend  to  augment  the  quantity  of  the 
circulating  electricity  when  the  circuit  is  perfectly  closed,  since,  in 
this  case,  it  is  quite  immaterial  whether  wc  use  one  or  many  pairs 
of  plates.  In  an  imperfectly  closed  circuit,  however,  that  is,  where 
a  bad  conductor  has  been  made  to  complete  the  circuit,  many 
plates  must  be  made  use  of,  as  a  greater  degree  of  electric  tension 
is  necesaary  to  force  a  passage,  as  it  were,  through  the  bad 
conductor.  The  intensity  of  iht^  galvanic  current  is  proportional 
to  the  number  of  the  double  plates. 
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Ohm's  law. — The  above  iuclicated  relationB  of  the  force  of  tk 
current  with  reference  to  the  elements  of  the  circuit  have  been 
reduced  by  Ohm  to  strict  mathematical  formuls.  By  means  of  tke 
law  named  after  him,  (of  which  we  shall  treat  presently),  a  aocnre 
basis  was  first  given  to  the  investigations  made  on  the  force  of  tk 
electric  current. 

In  order  that  an  electric  ciirrent  may  pass  through  a  conductor, 
it  is  indubitably  ncccssar}"  that  the  electricity  should  Lave  an 
unequal  degree  of  tension  at  different  parts  of  the  conductor.  1/, 
for  instance,  we  touch  the  conductor  of  au  electrifying  madiuic 
with  a  wire,  the  electricity  will  be  propelled  through  the  hxur, 
solely  on  account  of  the  strong  tension  of  the  electricity,  which 
drives  it  through  the  wire  to  the  conductor,  there  being  a  greairr 
accumulation  of  electricity  at  the  end  of  the  wire  in  contact  wtdi 
the  conductor  thau  at  the  opposite  end ;  thus,  on  connecdng 
together  by  means  of  a  wire,  two  similar  conductors  equally 
strongly  charged  with  electricity,  no  current  will  be  formed. 

AVheu  the  Voltaic  pde  is  insulated,  the  opposite  electricLtics  ai 
the  poles  will  be  in  a  state  of  tension,  and  this  condition  cannot 
possibly  entirely  cease  on  connecting  the  two  poles  by  a  conductor, 
since  no  +  electricity  can  flow  from  the  +  pole  if  there  be  not 
here  a  grater  accumulation  of  the  same  kind  of  electricity;  a 
certain  tension,  like  a  certain  piiissure,  as  it  were,  is  irccsTJ 
to  occasion  a  motion,  by  which  the  resistances  may  be  overcome  is 
the  conductor  through  which  the  current  is  to  pass. 

The  quantity  of  electricity'  passing  through  a  conductor  depends 
essentially  upon  two  circumstances ;  first,  on  the  resistance  to  be 
overcome  in  the  conductor ;  and  next,  on  the  tension  or  |ireasui« 
urging  the  electricity  through  the  conductor;  it  will  now  be 
easily  seen,  that  the  quantity'  of  electricity  passing  in  a  girco 
time  through  some  specified  conductor,  must  stand  in  on  invtrK 
relation  to  the  resistance  in  the  conductor,  and  in  a  dli^ 
relation  to  the  electric  tension  urging  the  current  through  tbe 
conductor.  The  tension  is  hereto  a  certain  extent  the  acoeleratisg 
force. 

The  quantity  of  electricity  passing  through  a  conductor,  that  v» 

E 
the  force  of  the  current,  may  be  expressed  by  -j->  ^  ^    dcsigaste 

the  electric  tension  engendered  by  the  current,  and  L  the  reWt- 
anec  to  be  overcome  in  the  conductor. 

Let  us  here  consider  the  current  of  one  simple  dosed  voltut 
element.     Let  e  be  the  tension  occasioned  by  the  curKnt,  X  the 
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vesisUnce  in  the  circuit  itself,   and   /  that  in  the  wire  cloeiug 

the  circuit ;  then  the  force  of  the  current  p  = y 

If  we  had  combined  n  such  elements  into  a  column^  the 
electric  tension  setting  in  motion  the  current  would  be  n  e ;  but 
the  resistance  in  the  circuit  being  increased  in  an  equal  proportion, 
■B  it  has  to  be  overcome  not  only  in  one  clement^  but  in  n 
elements^  the  resistance  in  the  conductor  will  be  now  n  X,  If 
now  the  arc  closing  the  circle  is  the  same  as  in  the  simple  circuitj 

we  have  for  the  force  of  the  current  p*  =  — : ,. 

If  /  were  very  small  in  comparison  with  \  the  above  given 

value  of  p  would   be  nearly  -,  but    the  value   of  p^    would 

ifj  therefore^  the  resistance  in  the 


be  — r,  consequently  also  =  - 


nX' 


arc  closing  the  circuit  be  small  in  comparison  with  the  resistance 
of  one  single  element,  the  increase  of  the  elements  will  afford 
no  advantage.  On  the  other  hand,  an  increase  of  the  elements 
will  occasion  an  increase  in  the  force  of  the  current,  if  /  be  very 
large ;  that  is,  if  there  be  a  considerable  resistance  to  be  overcome 
in  the  arc  closing  the  circuit. 

We  will  now   consider   the   influence  exercised  on   a  simple 
circuit,  by  an  increase  of  its  surface.     The  force  of  the  current 

for  a  single  element  was  designated  above  as  p  =  j ;   if  now 

X  T  • 

the  surface  of  the  voltaic  elements  be  increased  n  times,  without 
altering  anything  else,  the  only  result  will  be  to  make  the 
resistance  in  the  circuit  itself  n  times  smaller,  owing  to  the 
diagonal  section  of  the  fluid,  through  which  the  current  must 
pass,    becoming    n   times    greater;    instead,    therefore,    of    the 

resistance  X,  we  shall  now  have  -,  and,  consequently,  the  force 

of  the  current  p"  will  now  be. 


or  what  is  the  same  thing, 


+  / 


n  e 
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ia  tbr  arc  ckxing  tbc  cirrait, 
vooU  be  pmpartkioy  to  the 
and  tkk  ia  very  n<    ' 
iiMH— ■  of  nurfkoe  yr 
uk  tht  fane  of  t^  rancnt,  if  Uie  rensUan 
be  ^mM.  m  tnnmrhan  to  tbe  raktaiioe  in  the 


IB  tbe  dnmt  itself ,  and  in  the 
dafl  yiumtlj  see,  be  referrod  to  th<i 


hpn  are  faDr  Mofinaed  hy  experiment. 
Isr  to  ibov  tbat  tbe  foree  of  tbe  current  standc  in  la 
BkNMD  to  tbe  b^tib  cf  tbe  doaiBig  arc,  we  have  merelj  to 
^  cireak  of  a  gahraoit  deaait  (far  iiwUnce,  ooc  of 
a  dbtomU)  hf  a  tangoitia]  eonpasa,  and  then  hiHit, 
to  tbe  aesie^  laeees  of  wixe  of  different  length,  notinf 

of   expenmenta  of   thaa  kind    gmre    the    foUowing 


U>«:tk  of  tW  oofvv 

DenidM  otecnad. 

TcnccaUarcWaiQk* 

0  metre. 

62*  00* 

1,880 

5 

40    20 

0.ft49 

10 

28    90 

0,543 

40 

9    45 

0,172 

70 

6    00 

0,105 

100 

4    15 

0,074 

We  oliaene  here,  do  regularity  in  the  decrease  of  the  int 
of  the  corrent  on  lengthening  the  inserted  wire ;  but  whtn 
we  consider  that  this  wire  is  not  the  only  resistance  to  the 
current,  and  that  in  the  electromotor  ^paratua  itself,  and  in  the 
different  parts  of  the  compass  through  which  the  current  passes,  a 
resistance  has  to  be  orercome,  which  we  will  designate  aa  the 
rmstance  of  the  eUmtnif  it  will  be  evident  that  this  last  named 
radstancc  may  be  estimated  as  eqnal  to  the  resistance  of  a  copper 
wire  of  the  same  thickness  as  the  one  inserted^  and  of  the  unknoni3 
length  X  ;  the  following,  therefore,  are  actually  the  corresponding 
lengths  of  the  circuit,  and  of  the  ansrles  of  delation. 
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Deviation  obaerred. 

Tangents  of  the  an^ 
of  deviation. 

X 

X   +      5 
X   +    10 
X  +    40 
X  +    70 
X   +100 

620  00' 

40    20 

28    30 

9    45 

6    00 

4    15 

1,880 
0,849 
0,543 
0,172 
0,105 
0,074 

If  now  the  force  of  the  hydro-electric  currents  is  actually 
tyersely  as  the  length  of  the  circuit,  the  numbers  of  the  first 
>lumn  must  be  inversely  as  the  numbers  of  the  last,  and 
>D8equently,  ;r  ;  x  +  5  =  0,849  :  1,880,  whence  it  follows  that 

=  4,11.  If,  in  the  same  manner,  we  compare  the  first  observa- 
on  with  all  those  succeeding  it,  we  shall  always  obtain  the  same 
due  for  x ;  and,  indeed,  the  values  thus  computed  for  x  are  very 
early  equal  to  each  other :  we  find,  for  instance,  besides  the  value 
tready  computed,  4,06,  4,03,  4,14,  and  4,09  metres.  The  mean 
f  which  18  4,08. 

The  resistance  of  the  element  is,  therefore,  equal  to  the  resis- 
mce  of  a  copper  wire,  4,08  metres  in  length,  and  of  the  same 
lickness  as  the  one  inserted.  If  we  make  this  length  our 
^andard,  we  may  easily,  by  aid  of  the  general  law,  that  the 
nrce  of  the  current  is  inversely  as  the  length  of  the  circuit, 
impute  the  deviations  that  will  be  obtained,  and  then  compare 
lem  with  those  directly  observed,  as  has  been  done  in  the  foUow- 
ig  table. 


engthoftbedrcmt. 

The  oompnted  de- 
viation. 

The  deviation 
actually  ohaerved. 

Difference. 

4,08  metres 

9,08 

14^08 

44^08 

74,08 

104,08 

620    00' 

40     18 

28    41 

9     56 

5     57 

4     14 

620   00' 

40    20 

28    80 

9    45 

6    00 

4    16 

+     2 

—  11 

—  11 

+     8 

+     1 

Such  an  accordance  between  the  results  of  observation,  and 
lose  derived  from  a  general  law,  leave  no  doubt  as  to  the  correct- 
est  of  that  law. 
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In  order  to  show  that  in  a  perfectly  closexl  circuit,  that  is,  wW^ 
the  resistance  in  the  conductor  is  very  incouaiderable,  the  number 
of  the  elements  docs  not  increase  the  force  of  the  current  in  the  i 
closing  arc,  we  must  successively  complete  a  circuit,  coinpoftdi 
of  1,  2,  3,  or  4  elements,  through  the  tangential  compass,  kiiI, 
then  observe  the  corresponding  deviation.  A  series  of  cxpenzoestij 
of  this  kindj  gave  the  following  results  : 


N  amber  of  clement*. 

DeTiation  obMnred. 

1      . 

.     69« 

fl      . 

.     66,5 

s    . 

.     67,5 

4    . 

.     67 

5     . 

.     68 

6     . 

.     64. 

We  see  here,  that  the  force  of  the  current  remains  tlmoit 
entirely  unchanged,  not  increasing  with  the  addition  of  tfce 
elements.  The  reason  of  its  not  remaining  wholly  unchanged' 
is,  that  the  individual  elements  arc  not  perfectly  equal. 

Where,  however,  there  ia  a  considerable  resistance  to  be  ovc^  I 
come,  the  force  of  the  current  is  certainly  increased  with  the 
number  of  the  elements.  Six  elements,  closed  by  the  tangcotal] 
compass,  yielded  a  deviation  of  39"  after  the  insertion  of  t 
40  metres  in  length. 

One  element,  closed  in  the  tangential  compass  by  the  same 
measuring  40  feet  in  length,  only  showed  a  deviation  of  1 V. 

Capacity  of  metals  for  conducting  electric  currents,   or  the  «wi* 
ductibiliiy  of  metaU. —  In  the  experiments  given,   (at  page  404}, 
pieces  of  wire,  varj-ing  in    length,  were  inserted  in   the  closing 
arc  of  the  circuit,  and  the  relation  of  the  force  of  the  currtnt 
to  the  length  of  the  closing  wire  was  thus  obtained.     If  now  wt 
insert  into  the  closing  arc  wires  of  equal  length,  but  of  ancqtul 
thickness,   cQm])0Hed   of  the  same    metaJ,    and  still    obscnx  the 
corresponding  deviations  of  the  needle  of  the  tangential  compsfl^ 
<  wc  shall  ascertain  from  these  experiments  the  relation  that  tl^j 
force  of  the  ciu'rent  bears  to  the  thickness  of  the  wires;  and  kocf 
we  find,  that  the  force  of  the  current  is  proportional  to  the  tnamfftt 
section  of  tht  wires  ;  or  in  other  words,  that  two  urires  composed  ff\ 
the  same  metal  will  exercise  an  equal  resistance,  if  t/teir  length  > 
\jif9srsely,  as  their  transverse  sections. 

In  order  to  compare   the  couducttbility  of  different 
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DO  method  is  siinpler,  or  more  certain^  than  to  conduct  the  current 
of  a  Boffidently  powerful  element  through  a  tangential  compass,  to 
maesrt  wires  of  different  metab  in  the  closing  arc,  and  to  observe 
the  corresponding  deviations. 

^  The  following  are  the  numbers    expressing  the   capacity  of 
different  metals  for  condacting  electric  currents : 


Silver 

.    136 

Gold       . 

.     108 

Copper    .        .        . 

.    100 

Zinc 

28 

Platinum 

.      22 

Iron 

17 

Mercury 

2,6 

That  is  to  say,  a  copper  wire  of  100  feet  in  length  offers  as 
great  a  resistance  to  an  electric  current,  as  equally  thick  wires 
of  silver,  zinc,  platinum,  iron,  &c.,  which  are  respectively  136,  28, 
22,  or  17  feet  in  Iraigth. 

The  conducting  power  of  fluids  is  very  small  in  comparison  to 
that  of  metals :  thus,  ex.  gr.,  the  conducting  power  of  platinum 
IB  2^  million  times  as  great  as  that  of  a  solution  of  sulphate  of 
copper;  while  the  conducting  power  of  distilled  water  is  only 
0^0026  of  the  conducting  power  of  a  solution  of  sulphate  of 
copper. 


^^n<^  A  ;  /-rr-tf  <  .i  ■  |/  ^ 


S  .  v.- 


-  1^ 


J 
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PART     IV 


ELBCTftO-MAGNETlSll. 


CHAPTER    I 


MAGNETIC    ACTIONS   Of    THE    CCRREXT. 

We  have  already  remarked  that  the  electric  current  is  eapaUe 
uf  making  the  magnetic  needle  deviate,  and  U  now  r^;  '*. 

without  entering  furthor  into  these  magnetic  actiona,  Uj..-.^..  :ti'- 
considcration  of  the  apphcations  that  have  been  made  of  the  dnm- 
liou  of  the  magnetic  needle,  to  aacertain  the  laws  of  the  force  ff 
the  c»irrent.  The  following  chapter  in  devoted  to  the  fortlier 
consideration  of  the  magnetic  actions  of  the  electric  current. 

Magnetization  hy  the  galvanic  current, — The  electric  current  irt< 
not  only  on  free  magnctiam,  but  is  likewise  capable  of  9e|)araiing 
the  still  combined  magnetic  fluids.  In  order  to  show  the  actioo 
<»f  the  current  on  «»ft  iron,  we  need  only  plunge  the  wipe  into  in« 
litinga,  or  strew  them  over  it  during  tlie  passage  of  the  galvuue 
current.  The  iron  filings  remain  hanging  to  the  wire  until  the 
current  is  broken  ;  small  steel  needles  may  be  converted  into 
|Mmnancnt  magnets  by  means  of  the  galvanic  current ;  in  order, 
rio^4i&.  n«.424.  however,  to  render  the  current  very  active,  ve 
must  make  it  ]>oss  transv(n*se]y  round  the  necdk, 
as  is  the  case  in  the  arrangement  we  are  about  to 
describe.  A  copper  wire  is  wound  spirally  round 
a  glass  tube,  in  which  a  steel  needle  is  placed 
(see  Fig.  423).  If  now  we  let  a  current  pan 
through  the  convolutions  of  the  wire,  the  necdk 
will  become  permanently  magnetic,  and  it  is  odly 
necessary  that  the  current  should  pasa  throa|^  il 
for  the  space  of  a  minute  to  magnetise  the  needk 
a  as  perfectly  as  possible. 

We  d^tinguish  right-handed  helices  m 
seen  in  Fig.  423,  fi-om  left-handed  helices  ■» 
•ccn  in  Fig.  424.     In  the  former,  the  coavo* 
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tions  run  in  the  suae  manner  as  in  a  oork-acrew^  or  in  an  ordinny 
acrtrw. 

In  nght*bandcd  helices  the  north  pole,  (that  is  the  loath 
end),  is  at  that  end  of  the  needle  where  the  +  cQirent  enters  it, 
while,  in  the  left-handed  faclix,  the  north  pole  is  at  the  extiv- 
roity  from  whence  the  current  passes  oat.  In  the  fi^ores,  the 
north  |>olc  is  designated  as  b,  and  the  suuth  pole  aa  c 

Wc  tnay  make  ma^cts  of  soft  iron  by  means  of  the  galvanic 
;nt,  far  siiqiassing  all  steel  magnets  in  force.  For  this 
purpose  it  is  only  necessary  to  encircle  a  strong  horae-shoe 
of  soft  iron  with  thick  copper  wire,  in  the  way  represented 
in  Fig.  425.  The  copper  wire  must  be  covered  with  silk,  in 
order  that  the  current  may  not  pass  laterally  from  one  winding 
425,  to  another,   (these  windings  lying  close  tog&- 

ther),  or  be  transferred  to  the  iron,  but 
traverse  the  wire  in  its  whole  length.  The 
wire  is  twisted  round  the  curved  lines  of 
a  horse-shoe,  passing  round  in  the  same 
direction,  but  somewhat  inclined  to  the 
right ;  if,  therefore,  the  -(-  current  enters 
^  at  a,  a  north  pole  will  be  formed  there,  and 
a  south  pole  at  6.  By  moans  of  a  holder 
wc  X11J.J  ;_  ,  end  weights  to  a  magnet  of  this  kind.  Thus,  a 
magnet  whose  diameter  is  about  6  or  8  centimetres^  and  whose 
limbs  arc  about  1  foot  or  1,5  feet  in  lenj?th,  may  sustain  a  weight 
of  from  800  to  lOOOibs.,  pro\ided  the  wire  be  thick^  and  the 
current  passing  through  it  be  of  8u£Qcient  strength.  As  electro- 
motors for  these  electro-magnets,  simple  circuits  of  a  large  area  are 
used,  or  Groves'  or  Bunsens*  elements  ;  for  this  purpose,  however, 
all  the  zinc  cylinders  must  be  connected  together,  in  the  same 
manner  as  all  the  carbon  cylinders  or  platinum  plates.  The 
magnetism  vanishes  as  the  current  ceases. 

As  we  can  engender  a  temporarily  powerful  magnetism  in  soft 
iron  by  the  galvanic  current,  we  are  also  able  to  produce  steel 
magnets  of  great  force  by  the  same  means.  An  arrangement 
especially  applicable  to  this  purpose  is  the  wire  coil  constructed  by 
Elia$j  and  represented  in  Fig,  426. 

A  copper  wire  about  25  feet  in  length,  and  ^th  of  an  inch  in 
thickness,  nuist  be  properly  encircled  with  silk,  and  then  wound 
into  a  coil,  as  seen  in  the  figure.  Tlio  height  of  the  wire  coil 
amounts  to  about  1  inch,  and  the  diameter  of  the  inner  cavity  to 
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1^  inches.  The  two  extremities  of  the  wires  arc  brooght  into 
connection  with  the  polea  of  a  powezful  voltaic  eleiueut  when 
we  want  to  magnetise  a  steel  rod. 


na.  426. 


Whilst  a  strong  current  circulates  through  the  wire  cofla, 
the  steel  staff  or  rod  must  be  inserted  into  the  coil  and  mored 
backward  and  forward,  and  when  the  middle  part  is  a  second  time 
in  the  coil^  the  circuit  is  opened,  and  the  rod  can  then  be  takes 
out  perfectly  magnetised. 

It  is  best  to  put  a  piece  of  soft  iron  above  and  below  the  sted 
rod,  and,  if  the  rod  to  be  magnetised  be  of  a  horse-shoe  sbi] 
it  should  be  provided  with  a  holder  during  the  operation. 

Application  of  the  galvanic  current  a»  a  mating  Jarct. — The 
powerful  magnetic  actions  which  the  electric  current  is  capable  </ 
producing,  have  led  to  the  idea  of  applying  them  as  a  moviag 
power.  Fig.  427  shows  an  apparatus  which  is  well  adapted  to 
exhibit  the  manner  in  which  a  continuous  motion  may  be  pro- 
duced by  the  magnetising  action  of  the  galvanic  current. 

AB'm^  piece  of  soft  iron  curved  into  the  form  of  a  horse-sfaoc, 
and  fixed  to  a  stand,  being  encircled  by  a  copper  wire  in  the 
manner  indicated  in  the  electro-magnet  in  Fig,  425.  The  <■» 
end  of  the  wire  goes  to  the  brass  column  o,  the  other  to  h,  tbe 
poles  of  a  powerful  galvanic  clement  aa*  attached  at  a  and 
b,  and  the  iron  A  B'\&  thus  converted  into  a  magnet. 

Within  the  horse-ahoe  A  B,  ^  similar  smaller  one  C  D  it 
introduced,  which  rotates  about  a  vertical  axis.  This  iron  C  D  » 
likewise  encircled  by  a  copper  wire  in  the  manner  indicated^  the 
two  ends  of  the  wire  being  plunged  into  a  wooden  ring-shaped 
channel  £lled  with  mercury.  This  channel  is  divided  into  two 
parts  by  means  of  a  wooden  or  ivory  partition,  the  one  part  btaug 
in  comuumicatiou  by  means  of  a  copper  wire  with  the  bra» 
column  c,  and  the  other  with  the  brass  column  d,     (ITie  two 
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>les  of  a  simple  circuit  arc  attached  at  c  and  d).  The  two 
partitions  must  now  be  filled  with  mercury  to  such  a  height  that 
the  level  may  project  beyond  the  partition  walls,  although  not  so 


viG.  427. 
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S8  to  pass  from  one  space  to  the  other,  which  may  easily  happen, 
owing  to  the  mercury  forming  a  convex  drop,  as  it  were,  in  each 
division.  The  two  ends  of  the  electro-magnet  C  D  penetrate 
aufEciently  far  into  the  vessel  so  as  to  dip  into  the  mercury 
on  either  side  of  the  partition  wall,  but  in  such  a  manner  as 
to  admit  of  their  passing  freely  over  it  during  the  rotation  of  the 
electro-magnet     C  D.      In    the   jjosition   of    the    electro-maguet 

427,    supposing   the    +    pole   of    a 

to    be  connected   at   c,    and  its   — 

will  nn»*  fniin   /•  to  the  left  division 

,'b  the  copper  wire 

•  "in   C  into  the 

thia 


C  D   represented   in    Fig. 
powerful   galvanic    clement 
pole  at  d,  the    +    curn-n* 
of  the  channel,  from  wl; 
round  the  moving  horse-si 
right   ilivisiou   uf  the  ehui  i 


poaitiou  the  po^^y|jU  be  at  \ 

a  rotatory  moti^^m  rT. . ' 
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now  when  C  reaches  A,  and  D  reaches  B,  the  two  encU  of  the  wire 
uf  the  inner  electro-magnet  will  pass  over  the  partition  wall ;  the 
current  that  makes  C  D  magnetic  will  be  intermpted  for  a  moment; 
as  soon,  however,  as  the  ends  of  the  wires  have  passed  from  cue 
division  into  the  other,  the  current  will  go  in  an  op|)ostte  directioD 
through  th(*  copper  wire  encircling  C  D,  the  pole  C  will  then  be 
re]>elled  by  A^  and  D  by  B,  whilst  C  and  B  and  D  and  A  will 
attract  each  other,  thus  the  rotation  of  the  inner  electro-magDct 
will  be  continued  until  C  comes  to  B,  and  D  to  A,  and  by  another 
inversion  of  the  poles  of  the  inner  electro-magnet,  the  rotatioa 
of  the  latter  will  be  continued  in  nn  opposite  direction. 

A  notched  wheel  is  secured  to  the  rotatory  axis  of  the  iDDrx 
electro-magnet,  and  connected  with  a  second  wheel  of  largrr 
diameter.  Around  the  axis  of  the  latter  a  string  is  wound>  which 
passes  over  a  pulley,  and  supports  a  hanging  weight  that  is  lilted 
by  the  rotation  of  the  inner  electro-nmgnct. 

This  apparatus  is  merely  an  improvement  upon  Ritchi/$ 
rotation  apparatus,  in  which  a  steel  magnet  supplies  the  place 
of  the  extf:mal  electro-magnet,  whilst  the  rotating  iron  has  the 
fonii  of  a  straight  rod  surrounded  by  a  wire,  tlje  extremities  of 
which  are  inmicrscd  in  a  channel  Elled  with  mercury,  as  in  uur 
apparatus,  the  rotation  being  maintained  by  the  inversion  of  the 
poles  succeeding  every  semi-revolution. 

The  attempts  made  by  Jacobi  in  Petersburg,  and  Wagner  in 
Frankfort,  to  apply  the  galvanic  current  practically  as  a  moving 
power,  have  not  hitherto  afforded  the  desired  results. 

Another  practical  application  of  the  magnetisation  of  soft  iixm 
by  galvanic  currents  has  been  made  use  of  in  the  Electric  TeU- 
graphj  the  arrangement  of  which  is  essentially  as  follows.  If  the 
two  extremities  of  a  wire  encircling  a  U-shaped  piece  of  soft  iron 
be  made  so  long  as  to  pass  many  miles  to  some  distant  place, 
at  which  there  is  a  galvanic  circuit,  we  may,  by  alternately  closing 
and  o|)cning  this  circuit  with  the  wire  ends,  communicate  magnetism 
to,  or  remove  it  from  the  distant  iron ;  and  thus  we  may,  conse^ 
qucutly,  cause  the  electro-magnet  alternately  to  attract,  and  agam  to 
repel  an  armature,  the  motion  of  which  is  by  means  of  a  tooth  of 
the  wheel  conveyed  to  the  hand  of  a  disc,  round  the  margin  of  which 
tlie  letters  of  the  alphabet  arc  marked.  If  the  hand  be  properly 
])laced,  it  will  move  to  A  on  the  first  closing  of  the  circuit,  to  B 
on  the  succeeding  opening,  and  to  C  on  a  secoml  closing,  and  so 
forth.     We  may  thus  bring  the  hand  to  any  number  oi  Icltcrt 
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after  the  corrcaponding  number  of  openings  and  elosings  of  the 
circuit,  and,  consequently,  designate  words  and  sentences,  no  less 
than  single  letters.  It  would  carry  us  beyond  our  limits  to  enter 
more  fully  into  the  arrangement  of  this  apparatus. 

Direction  of  currents  btj  the  influence  of  terrestrial  magnetism, — 
Since  the  current  exercises  an  influence  on  magnets^  we  cannot 
doubt  that  a  like  action  ia  conversely  transferred  by  magnets  to 
the  current,  and  that  they  are  able  to  direct  it  in  different  ways. 
Amongst  all  these  converse  phenomena,  the  most  interesting  is 
tbat  exercised  by  terrestrial  magnetism  on  currents,  and  attempts 
had  fircquently  been  made  to  establish  mo\Tng  currents,  which, 
when  left  to  themselves,  might  exhibit  all  the  phenomena  of 
the  needle ;  these  experiments,  however,  all  failed,  owing  to 
the  necessary  mobility  not  being  given  to  the  currents.  At 
length  all  these  difficulties  were  overcome  by  an  ingenious 
contrivance  of  Amph-e,  which  admits  of  being  applied  to  all 
currents. 

Fig.  428  represents  two  vertical  braes  columns  secured  to  a 

wooden  stand,  and  having  at 
the  top  two  horizontal  arms, 
terminating  in  the  mercury 
cups  X  and  y,  of  which  the 
one  central  point  is  placed 
vertically  below  the  other. 
Where  the  horizontal  arms 
appear  to  be  in  contact,  they 
are  separated  by  insulating  sub- 
\  stances;  when,  therefore,  the  feet 
B  of  the  columns  arc  brought  in 
connection  with  both  poles  of  the  circuit,  one  of  the  electric 
£uids  will  reach  the  cup  x,  and  the  other  the  cup  y.  One 
of  these  cupa  may  be  named  the  positive,  and  the  other  the 
nepative, 

A  copper  wire,  curved  in  the  manner  shown  in  Figs.  429  and 
430,  is  suspended  to  the  cups  x  and  i/.  The  wire  ends  arc  sepa- 
rated by  an  insulated  substance  where  they  appear  to  be  in 
contact ;  they  are  curved  at  the  top,  and  provided  with  steel 
points  which  are  plunged  into  the  cupa  x  and  y  (Fig.  428).  The 
one  point  penetrates  to  the  bottom  of  the  cup,  and  rests  upon 
a  taaiH  glass  plate,  while  the  other  point  is  only  just  immersed 
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in  the  mercury.      By    this   sufipcusion    the  wire  becomes  toy 
tnovcablc. 

On  suffering  a  current  to  pass,  the  wire,  after  making  Mvectl 
o&cillations;  will  place  itself  in  a  definite  position^  to  which  it  idU 
invariably  return  if  removed  from  it. 

If  we  turn  the  current,  bringing  the  column  which  was  pre^ 
viously  in  connection  with  the  +  pole  of  the  circuit  into  contact 
with  the  —  pole,  and  vice  versd^  the  wire  will  describe  half  a 
revolution  round  its  vertical  axis  of  rotation  before  it  will  recover  ita 
equilibrium.  In  both  positions  of  equilibrium,  the  circle  staadi 
in  such  a  manner  that  its  plane  makes  a  right  angle  vrith  that 
of  the  magnetic  meridian.  Stable  equilibrium  will  be  etfabUtkei^ 
when  (he  positive  current  passes  from  east  to  west  in  the  lower 
of  the  circle. 

Very  weak  currents  are  even  directed  by  terrestrial  niagn 
and  on  this  principle  rests  the  construction  of  the  app 

Fig.  431.  In  a  piece  of  cork,  swimming  in  acidulited 
water,  we  secure  a  piece  of  zinc  and  a  piece  of  copper, 
which  reach  into  the  fluid,  and  are  connected  at  the 
top  by  a  circular  copper  wire.  MTien  placed  upon  the 
water,  a  current  will  be  found  which  paasea  from  the 
zinc  in  the  water  to  the  copper,  and  then  through  tbe 
wire  foUomng  the  direction  indicated  by  the  artowi. 
This  current  is  sufficiently  strong  to  be  directed  by  terrcstriil 
magnetism,  and  will  therefore  so  much  the  more  be  directoii, 
attracted  and  repelled  by  a  magnet. 

As  a  closed  circular  cinrrent,  revolving  round  a  vertical  axis, 
places  itself  at  right  angles  with  the  magnetic  meridian,  it  folloffi 
that  a  combination  of  parallel  circles  which  arc  traversed  in  tha 
same  direction,  must  range  themselves  in  the  like  manner. 
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wire  helix  seen  in  Fig.  432,  when  Bus{>eDded  by  Ampere's  standj 

no.  432.  aiitl  when  tra\'Er8ed  by  a  current,  mast 

place   itaelf  in  such   a  manner  that   its 

axis  shall  be   in  the  line  of  the  direction 

of  the  needle  of  declination. 

It  not  only  follows  &oni  this,  that  the 
needle  of  declination  may   be  thus  imi- 
''     tated  by  a  wire  helix,  but  also  that  the 
th  pole,  that  is,  the  one  directed  to  the  north,  is  the  one  on  the 
It  side  of  which  lies  the  ascending  current,  if  we  look  at  it  from 
present  side.  If  wc  look  at  the  wire  firom  a,  wc  have  the  ascend- 
current  to  the  right,  and  the  descending  one  to  the  left ;  but 
we  consider  the  wire  helix  in  the  direction  of  b,  we  shall  have 
ascending  current  to  our  left;  a  consequently  is  the  south 
,  and  must  turn  to  the  north.     In   like  manner,  we  may  say 
if  a  needle  of  declination  be  placed  in  a  position  of  equih- 
iin,  the  lower  current  will  go  from  east  to  west. 
The  board,  to  which  the  different  windings  of  the  wire  helix 
(Fig.  432)  are  secured,  is  made  of  a  non-conducting  substance. 

If  we  bring  a  magnetic  bar  to  the  hehces  we  have  been 
considering,  wc  may  observe  phenomena  perfectly  similar  to  those 
exhibited  on  bringing  a  magnetic  bar  near  a  needle  of  declination. 
In  fact  all  the  apparatus  hitherto  described  wiU,  as  we  may 
conji'Cturi',  be  affected  by  magnetic  bars. 

Reciprocal  action  of  galvanic  currents  on  each  other, — Two 
parallel  currents  always  exercise  an  action  on  each  other,  which  is 
more  or  less  energetic  according  to  their  distance,  intensity  and 
length.  If  we  consider  the  direction  of  the  motion  produced,  we 
shall  find  it  to  be  subjected  to  the  following  simple  law;  two 
parallel  cwrents  attract  eaeh  other  if  thetj  move  in  the  same  direction^ 
but  repel  each  other  if  their  directions  be  opposite. 

The  above  statement  may  be  proved  by  the  following  apparatus : 
a  b  c  d  ef  ii  a  rectangular  figure  formed  of  copper  wire,  and 
suspended  in  the  mercury  cups  j:  and  y.  The  current  ascends 
through  the  column  /,  traverses  the  wire  figure  in  -the  direction  of 
the  arrows,  and  descends  into  the  column  v.  The  current  in  the 
column  /,  follows  the  same  direction  as  that  in  the  piece  of  wire 
d  e ;  the  same  is  the  case  with  respect  to  the  current  in  6  c  and  v. 
If  we  remove  the  rectangular  figure  from  the  position  represented 
in  Fig.  433,  it  will  always  return  to  the  same,  owing  to  d  e  being 
Attracted  by  /,  and  b  chy  v. 


« 
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If  wc  put  the  wire  figure  in  Fig.  433  in  the  place  of  ikt] 

no.  433.  no.  434 


suspended  in  Pig.  431,  the  current  in  the  wire  will  hare  an  oppo- 
site direction  from  that  ^in  the  succeeding  column^  and  wc  *liall 
ohserve  a  repulsion ;  parallel  opposite  currents,  therefare^  rtpel  okI 
other. 

We  call  such  currents  as  are  not  parallel,  cross  currenis,  wbetlur 
they  lie  in  the  same  plane,  and  their  directions  intersect  each  othw, 
or  whether  they  arc  in  diCFerent  planes,  and  do  not  intersect  csrli 
other.  In  the  first  case,  the  crossimj  point  is  the  point  in  which  thq 
intersect  each  other ;  in  the  second,  it  is  a  point  of  the  shortist 
distance  of  both  currents.  Two  cross  currents  aiwatjs  strivr  to 
range  themselves  parallel  to  each  other,  in  order  to  mm^  in  the  Mmf 
direction ;  or  in  other  words :  attraction  takes  place  between  tl^ 
parts  of  a  current  and  those  which  approach  the  crossing  p<nni,  sad 
then  again^  between  those  going  from  the  crossing  point.  Refmltim 
occurs  between  a  current  moving  towards  the  crossing  poinij  sad 
another  moving  away  from  the  same  point. 

If,  for  instance,  a  b  and  c  d  (Fig.  435)  are  two  currents,  wbo«r 
nG.  43&.  t\Q.  437. 


FIG.  436. 


crossing  point   is  r,  attraction   will  talcc  place  between  the  part* 
a  r  and  c  r,  in  which  the  current  that  piu^ses  towards  the  croaaiug 


L. 
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K>int,  and  between  the  parts  r  b  and  r  d,  in  which  it  goes  from  the 
crossing  point.  Repulsion  takes  pluce  between  a  r  and  r  rf,  and 
urther  between  c  r  and  r  b. 

The  apparatus  of  which  a  diafjional  section  is  represented  in 
Fig.  43fi,  and  an  outline  in  Fig.  -457,  serve  to  prove  this  proposi- 
tion. Two  semi-circular  channels,  divided  by  insulated  partition 
walls  a  aud  A,  ai*e  inserted  iu  a  plute  of  wood.  lu  the  middle 
point  rises  a  spike,  to  which  is  attached  an  easily  moving  copper 
aeedle  c  </,  the  extremities  of  which  arc  of  irou  and  dip  into 
the  niercur)'  of  the  channel.  Somewhat  below  this  needle  there 
is  another,  e  f,  the  extremities  of  which  are  likewise  dipped  into  the 
mpfcur)-,  and  may  be  moved  by  the  hand.  The  current  which 
enters  at  x  passes  into  the  one  channel,  and  then  through  the  two 
needles  into  the  other,  and  passes  out  at  y. 

The  repulsion  is  exhibited  on  placing  the  needles  iu  the  position 
indicated  by  Fig.  437,  and  the  attraction  on  bringing  them  into 
snch  B  {X)Bition,  that  the  angle  c  r  d  may  be  less  than  a  right  angle. 

Amp^re^s  Theory  of  Magnetism. — The  princij)le  of  this  theory 
consists  \n  considering  each  molecule  of  a  magnet  surrounded  as  it 
wore  by  a  current,  always  circulating  about  it  and  returning  upon  ita 
own  course,  which  may  for  the  sake  of  simplicity  be  regarded  as 
circular.  We  must,  therefore,  according  to  this  theory,  regard 
every  section  at  right  angles  to  the  axis  of  the  magnet  to  be  some- 
whut  sinkilar  to  what  we  have  attempted  to  delineate  in  Fig.  438. 
Instead  of  taking  into  account  all  the  elementiu-y  curn-nts  of  each 
diagonal  section,  we  may  suppose  the  latter  to  be  encircled  by  one 
single  current,  which  is  as  it  were  the  resultant  of  all  the 
elementary   currents  of  the    diagonal  section,   and   consequently 


rin.    I3H. 


PIG.  439. 


we  may  regard  a  magnetic  bar  as  a  system  of  ]>arallel1y  closed 
currents,  somewhat  in  the  manner  shown  in  Fig.  439. 

What  we  have  said  here  of  a  magnetic  rod  applies  equally  to  a 
magnetic  needle,  and,  in  short,  to  every  magnet,  let  its  form  be 
what  it  may. 

Let  us  suppose  a  wire  helix  extending  from  m,  Fig.  440,  to 
either  side,  and  traversed  by  the  current  in  the  direction  of  the 

V.    K 
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440  arrows ;    if  further  we  assume  ihia  to  be  ml 

through  at  mj  and  the  two  part«  tM.'parMtd^ 
it  follows  from  our  definition  that  there  will  be 
a  south  pole  at  a  and  a  north  pole  at  b,  for  on 
turning  to  the  pole  at  a,  we  shall  have  the 
ascending  current  to  our  right,  while  on  turn- 
ing to  the  pole  at  b,  we  hen-  have  it  to  our  IrfU 
If  we  eut  a  wire  helbt  at  right  angles  to  iti 
axis,  two  eontrary  ]»ole8  will  be  formed,  exactly 
as  on  breaking  a  magnet. 

Further  it  is  elear,  that  the  eontrary  pol» 
a  and  b  attract  each  other,  for  on  looking  only 
at  the  end  circle,  we  see  that  the  currents  ait 
directed  parallelly  and  similarly,  and  the  Mun« 
is  the  case  with  respect  to  all  the  other  circle*. 
The  best  way  to  give  an  jlhistmtion  of  the  attraction 
repulsion  of  the  poles  in  different  ]>08ition8  of  the  magnets  with 
rc9])cct  to  each  other,  is  by  drawing  arrows  upon  wooden  of 
pastebord  cylinders  fi*om  1  to  1,6  foot  in  length,  and  froi 
2  to  3  inches  in  diameter,  as  seen  in  Fig.  439,  which  rcpresenta 
the  direction  of  the  currents;  further  we  may,  in  like  manner, 
mark  on  both  eyUnders  the  similar  polea,  designating  the  north 
pole  as  -(- ,  for  instance,  and  the  south  pole  as  — .  By  the  help 
of  two  such  models  we  may  easily  show  how  similar  |>olea  alwayv 
repel,  and  contraiy  poles  attract  each  other,  and  in  whatever 
manner  we  bring  them  near  one  another. 

According  to  this  hyjiothcsis,  the  magnetism  of  the  earth  also 
depends  upon  such  currents,  moving  in  the  crust  of  the  etrti^ 
parallel  with  the  magnetic  equator. 

Rotation  of  moveable  currents  and  magnets, — Let  ahti^ 
Fig.  441,  be  the  horizontal  section  of  a  magnet  standing  in  i 
vertical  position,  and  a  vertical  current  appearing  foreshorteacd 
at  the  point  «,  and  which  we  will  assume  to  be  ascending,  and 
which  is  capable  of  rotating  round  the  vertical  axis  of 
the  magnet ;  it  will  then  be  evident  from  the  aborr 
developed  principles,  that  the  portion  ah  of  the 
magnetic  current  will  repel  the  current  *,  while  mi 
it  will  be  attracted  by  b  c,  the  current  a  must  codmi'  S 
in  the  direction  of  the  current  in  the  magnet. 
*  were  descending,  the  rotatory  direction  would 
in    like   manner,  of  course   th*'   inversion    of   \ht 


no.  441 


# 


quently  rotate 
If  the  current 
be   reversed : 
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L^netic  poles  will  occasion  the  rotation  to  assume  an  inverse 
O.iVxi-inm. 

A  rotation  of  this  kind  may  be  effected  by  means  of  the 
apparatus  seen  in  442.  To  a  vertical  staff  /  is  attached  a  move- 
no.  442.  able  horizontal  staff  n,  in  such  a 
manner  that  it  may  be  moved  to 
any  height  we  please,  by  means  of 
a  screw.  This  horizontal  staff  is 
prondcd  with  a  brass  ring,  to  which 
is  attached  a  circular  wooden  channel 
for  holding  mercury.  In  the  brass 
ring  there  is  a  cork  disc,  through 
the  middle  of  which  passes  a  vertical 
magnetic  bar^  having  at  the  top  n 
joint  with  a  steel  cup  screwed  on  it. 
^  ^^^K^i^  ■  '^^  ^^P  ^^^  ^  ^^^  |>oint  in  its 
I  ^^^^2IAa  centre,  supporting  a  copper  band  b, 
I  ^ll  "  I  8  which  is  curved  at  either  side,  in 
^^  ill  ^uch  a  manner  that  its  lower  ends, 
^B  In*  I  li  ^^^  their  platinum  points,  dip 
^^B  ■  I  I  "^^^  ^^^  mercury.  In  the  middle 
^^B  B  ^■''JB^  J^-fT^v  "^  ^^c  copper  band  is  a  mercury 
^H  ^^^.^Z^^^^^l  *^"P  ^'  ^^  ^^^  ^^^  polar  wire  of  the 
^^ft  ^^^^BLiL— -— '^^''^  chain  beiug  immersed  in  the  cup  p, 
^P  and  the  otlier  in  the  channel,  the 
current  passes  through  the  two  arms  of  the  copper  band,  which 
then  begins  to  rotate.  The  action  of  the  magnet  on  the  current 
in  the  one  arm  of  the  band  is  sustained  by  the  action  which  the 
magnet  produces  on  the  current  in  the  other  arm. 

We  may  similarly  produce  the  rotation   of  a  moveable  magnet 
round  a  fixed  current,  and  the  rotation  of  a  moving  current  round 

! fixed  magnet ;    and   the  apparatus    serving  for   this    purpose 
vc  been  <x>nstructed  in  a  variety  of  ways. 


1    I 
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CHAPTER    II. 


PHENOMENA    OF    INDUCTION. 


An  electric  current  is  tble  to  engender  lUce  electric  currents  in 
another  coutignous  conductor  at  the  moment  of  its  origin  or  iu 
cesaationj  and  abo  by  mere  approximation  or  distance. 

These  phenomena  were  discovered  by  Faraday  in  the  jtM 
1838,  and  deserve  the  greatest  attention,  both  owing  to  thdr 
thcoretic&l  importance,  and  to  the  numerous  facts  that  can  be 
derived  from  this  principle.  These  new  currents  produced  ia 
,^^^  conductors  by  the  digtribnting  action  of  other  currentft,  aic 
/termed  Induction  currents.  "Th^y  might  also  be  called,  temponff 
currents,  as  they  last  but  a  moment.  If  we  were  to  name  tlu^m 
according  to  their  origin,  as  has  been  done  in  the  case  of  the 
thermo-electric  and  the  hydro-electric  currents  we  might  give  them 
the  appellation  of  maynetO'electric,  or  electro-electric,  since  they 
are  either  engendered  by  magnetism  or  electricity.  We  wiU, 
however,  once  for  all,  abide  by  the  term  Induction  currents,  which 
has  also  been  adopted  by  the  majority  of  natural  philosophera. 

Action  of  an  electric   current   on   a  conducting  circuit  witkk 

itself. — Two   copper   wires  covered  with  silk  thread  are  woiud 

upon    a    reel    of   wood    or    metal    in    the    way    exhibited   in 

Fig.  443,     The  one  wire  runs  beside   the   other  without  theft 

FIG.  443.  being  any  cooununicatmn  between 

them ;    if,  therefore,  we   clute  a 

galvanic    circuit   with    one    wire, 

while    we    place    its    two    cnda  t 

and  b  in  connection  with  its  puin, 

the  current  will  circulate  throagfa 

a\    '0        that  wire  without  passing  into  Oie 

other.     In  this   other  wire,   however,    a  current    in    on   opposdt. 


direction  is  produced  by  the  inductive  action  of  this  currcDti 
])rovided  the  ends  c  and  d  of  this  second  wire  are  in  conncctioo; 
which  may  be  effected  by  means  of  a  multiplicator,  on  bringing  f 
into  communication  with  the  end  of  one  of  the  wires  of  the  Utter, 
and  d  with  the  end  of  the  other  wire.  At  the  moment  in  which 
we  close  the  galvanic  circuit  with  the  first  wire,  the  deviatioa  of 
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the  needle  of  the  multiplicator  indicates  a  current  in  the  adjoining 
wire;  supposing  the  positive  current  to  pass  in  the  main  wire 
from  a  to  A,  the  multiplirator  manifests  that  there  is  a  current  in 
the  contiguous  wire  traversing  it  in  a  direction  from  d  to  c. 

This  current  in  the  adjoining  wire  is  not,  however,  lasting,  for 
the  needle  of  the  mu]ti]>licatop  returns  immediately  to  zero  on 
the  graduated  line;  as  soon  as  the  principal  current  is  inter- 
rupted, the  needle  of  the  galvanometer  turns  in  the  opposite 
direction,  it,  therefore,  indicates  a  current  passing  through  the 
neighbouring  wire  in  the  direction  from  e  to  d,  consequently,  in 
the  same  direction  in  which  the  internipted  current  had  moved. 

An  electric  current  may  therefore  induce  currents  in  a  con- 
ti^ous  wire  both  at  the  moment  of  its  origin  and  of  its  cessation. 
The  current  induced  by  the  closing  of  the  circuit  has  the  opposite 
direction  t*=4he  .one  induced  by  the  interruption  of  the  circuit, 
a0d~ii'^  the  same  direction  as  the  principal  current. 

In  the  above  adduced  experiments,  the  current  in  the  principal 
wire  induced  a  current  in  the  other  wire  both  at  the  moment  of  its 
origin  and  of  its  cessation ;  we  might,  therefore,  conjecture  that 
these  actions  were  produced  by  some  modifications  accompanying 
the  beginning  and  ending  of  the  current.  To  remove  all 
doubt  on  the  subject,  Faraday  has  proved  by  experiment,  that 
exactly  the  same  results  are  obtained  on  bringing  a  conducting 
wire  that  is  traversed  by  a  current,  consequently,  the  wire  from 
which  the  inducing  action  proceeds  nearer  to,  or  further  from 
the  wire  in  which  we  wish  to  induce  a  current. 

If  therefore  we  say,  that  the  action  of  a  current  on  a  closed 
conductor  begins,  we  either  understand  thereby  that  the  inducing 
current  itself  begins,  or  that  it  is  already  on  its  course,  and 
brought  near  to  the  closed  conductor.  In  these  two  cases  the 
actions  are  precisely  similar.  K  we  say  that  the  action  of  a 
current  on  a  closed  conductor  stops,  it  means,  that  the  inducing 
current  itself  either  ceases,  or  is  removed  from  the  closed  con- 
ductor. 

Currents  of  induction  produce  all  the  actions  of  ordinary 
currents,  as,  for  instance,  shocks  and  sparks.  On  bringing  the 
ends  of  the  wires  c  d  close  together,  we  see  a  spark  pass  over^ 
if  the  circuit  be  closed  by  the  ends  a  and  b  of  the  inducing  wire- 
If  we  seixe  the  wire  end  c  in  one  hand,  and  d  in  the  other,  (the 
hands  must  be  somewhat  moistened  for  making  the  experiment), 
we  shall  feel,  on  the  opening  and  closing  of  the  principal  current  a 
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«hock,  the  violence  of  which  will  depend  upon  the  icQg;th  of  ibc 
coiled  wire. 

Very  violent  actions  may  be  produced  on  the  nerves  by  ibe 
above  described  double  spiral  apparatus,  for  if  the  encircUng  «mr 
be  of  considerable  length,  the  intensity  of  the  inductive  currfnl* 
will  be  ineomparably  stronger  than  those  of  the  current  yielJed  b^ 
the  galvanic  circuit  commonly  used.  A  simple  galvanic  circuit,  or 
even  a  battery  of  4,  6,  or  even  12  pairs  gives  no  shocks  by  it«clf, 
but  if  we  close  a  circuit  of  a  few  or  only  one  pair,  with  the  enth 
of  the  inducing  wire  we  shall   obtain   a  powerful  shock   at  4kii 

wire.  -n^rn^ 

An  induction  spiral  changes,  therefore,  in  some  degree  tlie 
electric  quantity  of  a  current  yielded  by  one  or  more  pairs  trf 
large  superficies  into  a  current  of  great  intensity ;  an  apparatus  irf 
this  kind  atfords,  therefore,  an  excellent  means  of  producing 
physiological  effects,  if  care  be  taken  alternately  to  close  and  apeu 
the  circuit  in  rapid  siiccession.  Many  very  ingenious  contrtviocct 
have  been  proposed  for  effecting  this  purpose. 

Action  of  the  windings  on  each  other. — If  we  close  s  nmpW 
circuit  by  a  short  wire,  we  shall  obtain  only  a  faint  epark  on  again 
opening  it,  and  no  shock ;  but  if  we  use  a  very  long  wire  instraJ  _ 
of  the  short  one,  we  shall  see  a  much  stronger  spitrk  on  opening;  I 
the  circuit,  and  if  we  hold  one  end  of  the  wire  in  one  hand,  nud  ^ 
the  other  in  the  opposite  hand,  we  shall  perceive  a  shock  at  the 
moment  of  o])ening  the  cii'cuit.  These  actions  are  very  niacb 
strengthened  by  winding  the  wire  as  closely  an  possible,  and  hers 
it  is  of  course  necessary  to  cover  the  wire  with  silk,  in  order  to 
prevent  the  current  passing  laterally  from  one  winding  to 
another. 

This  action  of  long  spiral  wires  may  be  well  shown  by  means ' 

of  a  simple  spiral,  Fig.  444,  it  being  only  necessary  to  plunge  the 

wire  ends   m  and  n  into  the  nierciirv  cups 
no.  444.  .  1        *.  »        •       •  1       ' 

fornung  the  poles  of  a  galvanic  circuit,  and  oo 

withdrawing  the  ends  of  the  wires  we  shall 

a   brighter   spark   and   feel   the   shock.     Oo 

suffering  these  shocks  to  poas  in  rapid  sncn^- 

sion  through  the  body,  violent  actions  un  ibc 

ncr\*es  may  be  induced. 

As  to  what  relates  to  the  explanation  of  these  phenomeoa,  «e 

shall  easily  comprehend  that  they  must  stand   in  a   very  flo* 

relation  to  i\\M  induction  phenomena  before  described.     Fnywdtj 
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ascribes  these  effects  lo  a»  inductive  action  reciprocally  exercised 
OQ  each  other  by  the  convolutions  of  one  and  the  sanie  epinJ,  and 
Cftlls  this  current  of  induction  an  extra-current.  It  arises  at  the 
jaoa^ent  of  the  opening  and  closing  of  the  circuit. 

'nduction  of  electric  currents  by  magneta. — A  metal  wire 
icircled  with  silk  must  be  wound  over  a  wooden  or  metal  rod, 
the  inner  openiitf?  of  which  ia  sufficiently  large  to  admit  of  the 
insertion  of  a  magnet.  The  two  ends  m  and  n  of  the  wire  must  be 
put  uxtG  communication  with  the  two  ends  of  the  multiplicator  wire 
of  a  galvanometer,  sufficiently  far  removed  to  prevent  the  magnet 
from  causing  the  needle  of  the  instrument  to  deviate.  At  the  moment 
in  which  the  magnet  i«)  inserted  into  the  helix,  we  shall  observe 
a  deviation  of  the  galvanometer  needle,  which,  however,  will  soon 
return  to  the  point  0  of  the  graduated  divi- 
sion, moving  away  again  in  an  opposite 
direction  on  withdrawing  the  magnet  from 
the  helix.  The  direction  of  the  current  indi- 
cated by  the  galvanometer  ou  the  a])proxima- 
tion  of  the  magnet  is  opposite  to  that  of  the 
currents,  which,  according  to  Amperes  theory 
circulate  about  the  magnet ;  the  current 
induced  in  the  wire  on  the  removal  of  the 
magnet  has  the  same  direction  as  these 
currents. 

By  this  experiment  an  action  is  produced  on  the  closed  wire 
eoila  on  the  approximation  or  removal  of  the  magnet ;  but  this 
magnetic  action  may  begin  and  cease  in  a  different  manner; 
it  may,  for  instance,  begin  at  the  moment  in  which  the  magnetic 
fluids  in  the  iron  are  decomposed,  and  cease  when  it  returns  to 
the  non-magnetic  condition.  Tliis  may  be  shown  in  the  following 
manner. 

In  Fig.  446  a  h  va  h  strong  horse-shoe  magnet,  m  c  n  Vi  piece  of 
soft  iron,  likewise  bent  in  the  form  of  a 
horse-shoe,  and  having  its  limbs  enclosed 
by  the  coils  of  one  long  wire  covered 
with  silk.  The  direction  of  the  coils  on 
both  limbs  must  be  such,  tliat  on  the 
current  passing  through  the  wire,  the  two 
limbs  may  form  opposite  poles,  llie  two 
ends  of  the  wire  are  connected  together  at 
a  sufficient  distance  from  the  ir(m  and  the 
magnet,  and  a  simple  magnetic  needle,  alwve 


nc.  446. 


4&4  MAGNKTO-KLECTftIC    HACHINXS    OP    DOTATION. 

or  below  which  the  wire  is  conducted,  is  at  once  made  to  deviate  bj 
the  induced  corrent.  If  we  rapidly  bring  the  magnet  a  6  to  the 
limbs  m  n,  the  needle  will  indicate  the  presence  of  a  current,  having 
an  opposite  direction  to  that  which,  according  to  Av^erit  theory, 
circulates  round  the  iron  that  has  now  been  converted  into  t 
magnet.  On  the  removal  of  the  magnet  a  h,  the  induced  cnrreot 
takes  the  same  direction  as  the  one  now  ceasing  in  the  soft 
iron. 

We  may  easily  show  that  this  current  induced  in  the  wire  is  not 
the  direct  action  of  the  magnetic  poles  of  the  approximated  magnet; 
tor  this  current  attains  such  intensity,  that  if  even  the  two  ends  dL 
the  wire  are  not  in  perfect  contact,  but  at  some  little  distance  ttfm 
each  other,  a  vivid  spark  will  pass  over,  as  weU  when  the  magnet 
is  rapidly  approximated,  as  when  it  is  removed.  This  electric 
spark  is  evidently  produced  by  magnetic  actions.  On  taking  one 
end  of  the  wire  in  each  hand,  we  experience  on  the  approximstioa 
and  removal  of  the  magnet  a  shock,  which,  provided  the  magnet 
be  sufficiently  powerful,  will  be  like  the  shock  of  a  small  Leyden 

Currents  may  even  be  induced  by  terrestrial  magnetism.  If  we 
hold  a  rod  of  soft  iron,  encircled  by  a  wire  helix,  in  the  direction 
of  the  needle  of  inclination,  and  then  suddenly  invert  it,  so  tfait 
its  upper  part  shall  incline  downward,  and  nee  versd,  a  current  will 
be  induced  in  the  wire  helix. 

If  the  inner  horse-shoe  of  the  apparatus,  seen  in  Fig.  427, 
rotate  under  the  circumstances  indicated  in  the  experiment  adduced, 
currents  must  be  induced  in  the  windings  of  the  wire  on  the 
approximation  of  the  limbs  of  the  inner  horse-shoe  towards  those 
of  the  external  iron,  these  currents  will  be,,  according  to  the  above 
developed  principles,  opposite  to  thosefoc^ftOned  ^^  flie  rotationT, 
the  currents,  induced  by  rotation,  must  necessarily  wewsn  the  force 
with  which  the  limbs  of  the  two  horse-shoes  attract  and  repel  each 
other ;  and  thus  these  currents  of  induction  cause  the  mechanical 
effect  produced  by  such  apparatus  of  rotation  to  be  much  less  conside- 
rable than  one  might  be  led  to  expect,  judging  from  the  force  of 
magnetism  that  may  be  imparted  to  a  piece  of  soft  iron  by  a 
galvanic  current. 

Magneto^lectric  machines  of  rotation, — ^If  we  suppose  the  ends  of 
the  inductive-spirals,  which  are  at  the  poles  of  the  core  of  a  horse- 
shoe formed  of  a  piece  of  sofl  iron,  (as  have  been  considered  at  page 
423)  to  be  in  connection  with  each  other,  and  then  that  this  soft 
iron  revolves  rapidly  about  a  vertical  axis,  so  that  the  pole  m, 
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which  is  iiuinediately  above  0,  after  half  a  ivvolution,  standn 
above  A,  there  will  then  be  n  current  induced  iu  the  convolutions 
of  the  wire,  m  recfilcs  from  «,  and  n  from  b ;  this  current 
will  now  contmue  with  varying^  strength,  but  with  unvarying 
direction  during  half  a  revolution,  that  is,  while  m  tnrua  from 
a   to  bf  and   n  fnim  b  to  « ;  as    boou^  hr>wcver,    as  the  seamd 

g^ rotation    begins,  the    direction  of  the  current    will  change,  and 

will  again  change  after  the  completion  of  a  whole  rotation ; 
if,  therefore,  the  soft  iron  rotate  rapidly  with  its  wire  convolu- 
tions, the  latter  will  be  constantly  traversed  by  alternating 
currents,  passing  into  each  other  every  time  the  poles  of  the  soft 
iron  stand  over  the  poles  of  the  magnet.  Tliat  the  direction  of  the 
currents  actually  changes  in  the  way  indicated,  is  easily  seen  from 
th**  niles  given  concerning  the  direction  of  the  induced  currents, 
for  as  a  and  b  arc  opposite  poles,  the  removal  of  a  must  induce  a 
current  in  the  same  direction  as  an  approximation  towards  the 
pole  b. 

Id  order  to  be  able  conveniently  to  make  experiments  on   the 
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magneto-electric  machines  of  rotation.  Fig.  +17  n*pre«eote  one  of 
these.  The  inductive  spu*al9y  A  and  B,  arc  wuuud  round  two 
cylinders  of  soft  iron,  secured  to  the  two  euda  of  a  horizontal  iron 
plate,  the  centre  of  which  is  on  a  vertical  iron  axis,  as  may  he  acen 
ill  Fig.  448.  The  manner  in  which  the  rotadou 
of  this  vertical  iron  axis  is  effected,  is  made  app^ 
rent  in  Fig.  447,  and  needs  no  further  explanation. 
During  the  rotation  the  two  iron  cores  pass  under  the 
yjLM  poles  of  sevend  powerful  horse-shoe  magnets^  laid 

hi  9  horizontally  over  each  other,   and   each   iron  cort 

of  the  horse-shoe  is  thus  alternately  converted  ioto 
a  north  and  a  bouth  pole. 

The  convolutions  around  both  iron  corea  are  of  course  formed 
only  by  one  very  long  piece  of  wire.  The  one  end  is  fastened  by 
means  of  a  srrt^w  to  on  iron  ring  g  protected  by  some  insulatuig 
substance,  solid  wood  or  iron,  from  contact  with  the  xrou  udi  of 
rotation,  as  seeu  in  Fig.  449.  The  opposite  end  of  the  win?  is 
in  like  manner  screwed  upon  the  iron  plate  which  eiupporti 
two  cores ;  it  is,  consequently,  in  contact  with  the  whole  iron  axis 
of  rotation. 

On  this  iron  axis  an  iron  cylinder  A  is  immediately  secured, 
which  we  will  at    once  consider.      As    the   iron  ring  ^   i»  in 
no.  4-19.     communication  with  one  end  of  the  wire,  and  the  iron 
^^n^^     cylinder  h  with  the  other,   we  may  regard  g  and  h  u 
'fH|^      the   ends   themselves;    the  inductive   spinil   will   be 
closed  on  bringing  g  and  h  into  connecting  communi- 
cation with  each  other  ;  on  this  being  done  the  current  of  inducuun 
will  circulate  in  the  wire  cods,  and  the  whole  system  be  node 
to   rotate.     For    the    sake   of    simplifying    the   matter,    wc  will 
d^^-signate  the  whole  rotating  system  by  the  name  of  Inductor. 

We  have  still  to  consider  the  iron  cylinder  h,  which  consistfiaf 
three  divisions  lying  over  one  another,  and  of  which  only  the 
middle  one  has  a  perfectly  unbroken  circumference.  At  thr  upper 
parts  arc  two  chanuel-likc  depressions  diametrically  opposite  to 
each  other,  while  at  the  lower  end  of  A  a  ])art  is  cut  away, 
which  takes  off  about  half  the  circumference,  as  may  be  cleiirly  x^n 
in  our  Figure. 

On  cither  side  of  the  axis  of  rotation  is  a  small  brass  colmno 
with  several  apertures,  in  which  metallic  springs  may  be  inserted, 
and  the  circuit  be  thus  closed  in  various  ways. 

Our  Figure  represents  the  machine  as  it  must  be  arrangi**!) 
in  order  to  produce  powerful  physiological  actions.     In  the  upper- 
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most  apt^rturc  of  the  column  to  the  rightj  a  spring  ia  screwed  on 
which  constaDtly  presses  upon  the  iron  ring  g  daring  the 
rotation  of  the  inductor;  but  the  steel  spring  in  the  next 
a|H;rturc  closes  upon  the  upper  part  of  the  iron  cylinder  A, 
and  in  this  manner  the  circuit  is  closed ;  while,  as  oiten  as  the 
end  of  the  steel  wire  passes  over  one  of  the  channel-like  depres- 
sionSj  the  connection  is  interrupted.  This  interruption  occurs 
exactly  when  the  poles  of  the  inductors  have  been  removed  from 
over  the  magnetic  poles.  Tlicre  exists,  however,  another  connec- 
tion between  the  iron  ring  g  and  the  cylinder  A,  into  which  the 
human  body  may  be  brought.  A  brass  spring,  ctmstantly  pressing 
upon  the  middle  part  of  the  cylinder  A,  ia  screwed  into  the  left 
side  of  the  brass  pillar ;  by  which  means  the  small  brass  pillar  to 
the  left  ia  connected  with  A,  as  y  is  with  the  pillar  to  the  right. 
A  metallic  conductor  L  is  in  connecting  contact  with  the  pillar  to 
the  left,  and  the  c(mductor  R  with  the  pillar  to  the  right ;  as 
ohewt  therefore,  as  the  current  there  is  interrupted  by  tlie  sliding 

pia.  450. 


of  the  steel  spring  over  the  depressions,  the  shock  of  disjunction 
will  pass  through  the  body,  for  it  is  only  then  that  the  electric 
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current  (which  hitherto  has  passed  directly  from  h  through  the 
steel  spring  to  the  right  hand  pillar)  now  passes  by  a  circoitouB 
course,  first  to  the  left  pillar,  from  this  to  the  conductor  L,  througli 
the  huroim  body  to  /?,  and  then  finally  to  the  pillar  at  the  right 
On  turning  the  machine  rapidly,  the  shocks  of  disjunction  will 
succeed  each  other  so  violently  that  it  will  scarcely  be  possible  to 
endure  the  effect.  If  we  wish  to  weaken  the  intensity  of  the 
shocks,  it  is  only  necessary  to  turn  the  machine  more  slowly,  (ir  tn 
connect  both  poles  of  the  inducing  magnets,  by  means  of  ao 
armature  of  soft  iron. 


PART   V. 


TnEBUO-ELBCTRIC    CtTRBENTa    ANtt    ANIMAL    ELECTRICITY. 

If  two  metallic  bars  be  so  soldered  together  that  they  compose 
a  closed  circuit  of  any  form  we  choose  to  give  them,  a  more  or  \eu 
intense  current  will  be  produced  as  often  as  the  tcinperature  varies 
at  the  two  places  of  junction,  the  current  continuing  as  long  as  thii 
difference  of  temperature  is  maintained. 

This  may  be  shown  for  a  special  case  with  the  ap|karatufi  in 
Fig.  451.  £  s^'  is  a  piece  of  bismuth,  £  c  «'  a  band  of  copper 
soldered  on  the  ends  of  the  bismuth  bars  ;  a  A  is 
a  magnetic  needle,  moveable  freely  on  a  point.  J^ 
the  two  places  of  junction  have  the  same  tempera- 
ture as  the  surrounding  air,  the  apparatus  must  be 
so  placed  that  the  plane  s  c  s'  may  coincide  with 
the  plane  of  the  magnetic  mcredian,  and  that,  con- 
sequently, the  needle  may  stand  parallel  with  tbe 
axis  and  the  longer  sides  of  the  bismuth  bar.  Af 
soon  now  as  one  of  the  joining-places,  s,  for  instance,  is  heated, 
the  needle  will  experience  a  more  or  less  strongly  marked  devia- 
tion ;  but  if  this  spot «  be  cooled  below  the  temperature  of  the 
8um>uiuruig  air,  we  shall  observe  a  deviation  in  the  oppoaite 
direction. 

These  deviations  of  the  needle,  first  to  the  one  side  and  then  to 
the  other,  evidently  indicate  the  presence  of  an  electric  current, 
traversing  the  apparatus  in  a  dcHnite  direction,  if  the  spot  $  be 
warmer  than  8' ;  but  in  an  opposite  one  if  «  be  cooler  than  f '. 

*  Prolienor  T.  Tliomton's  *<  Heat  uid  BlecUidt^,*'  8vo.  2ud  edition.  London,  1S40. 
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All  nictals  do  not  yield  the  same  marked  results  as  biamutfa 
and  copper;    and  in  such  cases  wc  must  use  a  system  of  two 
needlesj  as  seen  in  Fig.  452^  instead  of  one.     The  upper  band  s  c  9* 
wc,  452.        haa  an  opening  in  the  middle,  to  admit  of  the  pas- 
sage of  the  connecting  piece  between  the  two  needles, 
while  the  point,  however,  on  which  the  system  of  the 
two  needles  plays,  passes  to  the  upper  needle. 

It  is  not  essential  to  have  an  especial  apparatus 

(as  seen  in  Fig.  452)   for  making  the  fundamental 

experiments  on  thenno-electric  currents,  since  we 

may  use  any  delicately  suspended  compass  needle 

for  this  purpose,  somewhat  like  that  delineated  in  Fig.  463. 


rro.  453. 
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Here  we  have  an 
elongated  paralle- 
logram. Fig.  454, 
as  the  thermo- 
electric element, 
composed  of  bis- 
muth and  anti- 
mony. In  our 
figure  the  lightly  shaded  half  de- 
signates the  former,  and  the  darkly 
shaded  half  the  latter  constituent. 
The  two  metals  are  soldered  to- 
gether at  8  and  s*.  In  order  to 
make  this  experiment,  wc  must 
:fully  warm,  over  a  small  spirit  lamp,  the  one  soldered  junction, 
id  then  hold  one  of  the  longer  sides  of  the  figure  over  the  mag- 
netic needle,  iaduch>jauAt4ken  h«-  in  its  usual  position.  We  must 
remark  here,  that  Fig.  454  is  delineated  on  a  somewhat  smaller 
scale  than  453 ;  since  the  parallelogram  of  bismuth  and  antimony 
ought  to  be  so  large,  that  each  of  its  longer  sides  may  he  at  least 
of  equal  length  with  the  magnetic  needle. 

Simple  thermo-electric  circuits  are  often  made  in  the  manner 
represented  in  Fig.  456 ;  a  b  is  &  small  bar  of  antimony  or  bis- 
muth, at  both  sides  of  which  a  copper  wire 
a  e  tl  c  is  soldered.  To  make  this  experi- 
ment, we  must  warm  the  one  soldered  join- 
ing cither  at  a  or  A,  and  hold  the  piece  of 
wire  e  d  over  the  needle. 
The  investigations  that  have  been  made  as  to  the  mutual  rcla- 
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tion  of  different  metals,  with  respect  to  the  excitement  of  therrno- 
electric  currents,  have  shown  that  the  mctala  admit  of  being  ranged 
in  one  series,  which  has  this  property,  that,  on  forming  a  eircoit 
of  ewiy-two  metals,  and  heatiufj  the  place  of  contact  of  the  two, 
the  +  current  at  this  spot  will  pass  from  the  metal  ttfinding 
below  4wto  the  one  above. 
Antimony  Tin 

Arsenic  Silver 

IroD  Man^^anese 

Zinc  Cobalt 

Gold  Palladium 

Copper  Platinum 

Brass  Nickel 

Rhodium  Mercury 

Le«d  Bismuth 

Thus,  in  the  apparatus  Fig.  451,  the  current  vnW  pass  iu  the 
direction  from  s  over  c  to  s*,  and  then  back  to  <  on  heating  the 
soldered  part  at  *.  At  this  point  s,  therefore,  the  next  body 
standing  higher,  viz.  copper,  is  positive  with  respect  to  the  loww 
one,  bismuth.  In  the  parallelogram,  Fig.  454,  the  poaitive  caireot 
circulates  in  the  dirwtion  of  the  arrow,  if  the  spot  at  «  is  warmer. 
Thermo-electric  Piles. — As  in  the  case  of  Volta's  pilea^  so  wc 
may  also  here  combine  many  thermo-electric  cleuieuta  to  form 
thermo-electric  piles,  capable  of  giving  a  current  if  the  soldered 
parts  1,  3,  5,  &c.,  be  warmed,  while  the  intervening  |K)ints  remain 
cold. 

Thermo-electric  piles  of  this  kind  may  serve,  in  connection  wiili 
multiplicntors,  to  make  the  slightest  difference  of  temperature 
manifest.  Amongst  all  those  constructed  for  this  purpose,  the 
apparatus  proposed  by  l^l^iie  is  undeniably  the  most  ingcnioas 
and  the  most  sensitive.  Fig.  456  represents  an  apparatus  of  this 
kind.  It  is  composed  of  from  25  to  30  very 
fine  needles  of  bismuth  and  antimony,  which 
are  about  4  or  5  centimetres  iu  length.  Thcf 
are  so  soldered  together,  see  Fig.  457,  that  all 
the  even  soldered  joinings  are  on  one  aide,  and 
the  odd  joimngs  on  the  other.  The  whole  form* 
a  small,  compact,  solid  bundle,  owing  to  tbe 
insulating  substances  with  which  the  intervals 
between  the  several  rods  are  tilled ;  for  they 
must  of  course  not  be  in  contact j  excepting  al 
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racred  joinings.     One  of  the  two  half  dements  in  which  the 
lit  teroiinatejd  is  in  connection  with  the  peg  x,  and  the  other 

to  peg  y :  X  and  y  form  in  this  manner  the  two  poles  of  the 
id  are  brought  into  communication  with  the  ends  of  the 
Liplicator  wire. 

\  the  soldered  points  on  the  one  side  experience  the  slightest 
ation  of  temperature,  the  multiplicator  needle  ^ill  at  once 
ate  from  the  magnetic  meridian. 

[minal  Electricity. — It  has  been  long  known  that  there  are 
»  capable  of  imparting  electric  shocks  -,  among  which  tlie  most 
arkable  arc  the  torpedo  and  the  electric  eel.  The  former 
let  with  in  the  Mediterranean  and  in  the  Atlantic  Ocean,  and 
latter  only  in  the  inland  pools  of  South  America. 
Hien  the  torpedo  is  out  of  water,  we  experience  a  shock  on 
;)upg  any  part  of  its  skin^  either  with  the  finger  or  the  whole 
1 

^e  may  in  like  manner  receive  a  shock  on  touching  the  fish 
I  a  good  conductor,  as  that  of  a  metal  rod  several  feet  in  length, 
shock  ia  prevented  by  every  bad  conductor,  and  we  may 
458.  consequently   seize   the   animal  with 

impunity  by  means  of  a  glass  or  resin 
book. 

The  back  of  the  animal  is  posi- 
tively, and  the  abdomen  negatively 
electric ;  the  electric  current  passing 
through  a  conducting  wire,  wad  •on-  t/A-ctA- 
4u«t^«^  the  back  and  abdomen,  pro- 
duces all  the  actions  of  electric  cur- 
rents, although  only  in  a  modiEcd 
form. 

The  organ  in  which  the  electricity 
is  dCT'eloped  has,  in  the  different 
electric  fishes,  essentially  the  same 
texture  and  appearance,  although  its 
fonn,  size,  and  arrangeutent  differ. 
We  will  now  attempt  to  give  an  idea 
of  the  organ  of  the  torpedo, — the  fish 
which  has  been  most  accurately  ex- 
amined. 

Fig.  158  represents  a  torpedo  seen 
re,  opened  at  the  side  to  show  the  electric  organ.    This 
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passes  anteriorly  close  to  the  fore  pRrt  of  the  head,  its  upjwr  surfart 
touching  the  skin  of  the  back  by  means  of  a  fibrous  incnibrani%»Dd 
the  lower  surface  touching  that  of  the  abdomen;  its  exterual  sttf- 
face  reats  upon  the  muscle  of  the  lateral  fin,  and  the  inner  one  il 
the  principal  muscle  of  the  head  and  tlie  anterior  part  of  thetrunL 
Seen  from  above  or  below,  the  electric  organ  exhibits  poly^nal, 'ir 
roundish  divisions  (Fig.  459) ;  but  from  a  lateral  point  of  view  it 

exhibits  parallel  stripes  or  baadi,  n 
no.  460.  seen  in  Fig.  460.  The  whole  organ 
consists  of  a  number  of  polygonal  or 
roundish  columns,  the  axis  of  whick 
ruiiH  in  a  direction  from  the  abdo- 
men to  the  back.  The  marginal  edge 
of  each  column  forms  a  somewhat 
thick  tcndonous  membrane,  appearing  to  answer  the  same  purpow 
as  the  glass  plates  between  which  the  galvanic  pile  is  built  up. 
Each  column  consists  of  a  number  of  fine  teniie,  which  are  eitiitt 
plain,  or  ctirved,  and  are  separated  by  very  adhesive  mucous  laycw; 
thua  these  columns  afford  a  striking  resemblance  in  their  con- 
struction to  a  galvanic  pile. 

There  are  generally  found  to  be  from  400  to  500  such  columni 
or  piles  on  iithcM*  side  of  a  torpedo. 

In  the  electric  eel  (Fig.  461)  the  electric  rtrgan  is  situated  in  iti 

ne.  461. 
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tail.  In  this  animal  the  anus  lies  so  far  forward,  that  the  tail  of 
the  g}'mnotu8  is  neai'ly  4}  times  as  long  as  the  body  and  brad 
combined;  and  here  the  electric  organ  extends  almost  tiie  >%holr 
length  of  the  tail  o^  either  side  of  and  under  it,  so  that  the  clcctnc 
apparatus  of  the  animal  has  a  very  great  extension,  owing  to  which 
the  electric  eel  is  able  to  impart  shocks  of  extreme  violence. 

lu  tlic  gymuotus,  the  colunms  forming  the  electric  orgim  do  not 
he  vertically,  as  in  the  tor{>edo,  but  extend  in  the  diroeiion  of  the 
tail;  so  that  the  discs  of  which  they  arc  composed  stand  vertically. 
Ilencc  it  comes,  that  in  the  electric  eel  the  jiositive  current  goca  in 
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be  direction  «Lthe  head  towards  the  tail ;  consequently  not  like  the 
Dq>edo,  wher^the  cnrrent  passes  from  the  back  to  the  abdomen. 

Electric  currents^  not  occasioned  by  especial  electric  organs,  have 
een  observed  in  the  animal  organism.  Nobili  has  found,  that  on 
snching  with  the  one  wire  end  of  a  multiplieater  the  head  of  a 
.ying  or  dead  frog,  and  its  feet  with  the  other  wire,  a  cnrrent  will 
ass  from  the  head  to  the  feet.  In  like  manner,  a  current  may  be 
baerved  on  making  an  incision  into  the  muscle  of  any  animal,  b  i 
ad  connecting  the  exterior  surface  of  the  muscle  with  the  cut  /j  t 
td»ce  by  means  of  the  multiplidi)(<ir. 
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SECTION   VII 

OF    HEAT.* 


CHAPTER    I. 

EXPANSION. 

Our  capacity  of  feeling  enables  us  to  discriminate  between  the 
different  conditions  which  we  term  hot,  warm,  cold,  &c.,  in  variooa 
bodies.  If  a  body  that  we  call  cold  become  warm^  and  hot,  it  wiD 
increase  in  volume,  or  be  expanded. 

The  unknown  cause  producing  this  expansion  of  bodies,  and 
which  at  the  same  time  occasions  the  different  above-mentioned 
impressions  on  our  capability  of  feeling,  is  termed  heeU. 

Heat  not  only  effects  an  expansion  in  bodies,  but  is  likewise 
able  to  alter  their  a^regate  conditions,  fusing  solid,  and  evapo- 
rizing  fluid  bodies.  We  will  now  proceed  to  the  consideration  of 
the  laws  of  these  phenomena. 

The  Thermometer. — Since  all  bodies  are  expanded  by  heat,  and 
as  the  volume  of  a  body  depends  upon  the  degree  of  heat  it 
possesses,  the  expansion  of  a  body  may  serve  to  measure  the 
degree  of  its  heat ;  and  this  degree  of  heat  we  term  temperature^ 
and  the  instrument  used  to  define  it,  a  thermometer. 

Fig.  462  represents  a  mercurial  thermometer;  the  bulb  is  filled 
pio.  462.  ^*^  mercury ;  this  fluid  rises  in  the  tube  to  a  definite 
height,  dependant  on  the  temperature.  If  the  bulb  be 
warmed,  the  volume  of  the  mercury  will  be  increased,  and 
it  will  rise  in  the  tube,  and  we  say  the  temperature  has 
increased.  If  the  bulb  be  cooled,  the  volume  of  the 
mercury  will  again  diminish,  and  the  fluid  will  sink  in  the 
tube,  and  wc  say  that  the  temperature  has  fallen. 

At  equal  degrees  of  temperature  the  top  of  the  mercniy 
will  always  occupy  the  same  place  in  the  tube ;  thus,  on 
comparing  a  larger  or  a  smaller  thermometer  with  the 
first,  both  will  rise  and  fall  together,  but  the  actual  amount  of 

*  See  Professor  Thomson's  "  Heat  and  Electricity,"  2Dd  Bdition*  8to.  1840. 
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the  tisitig  and  falling  may  be  very  dlffcrcut.  If,  fur  iustaucc,  cLu 
two  bulbs  arc  equal,  but  the  tube  of  the  one  10  times  larger  in  its 
bore  than  that  of  the  other,  the  mercury  will,   at  an  equal  degree 

temperature,  rise  10  times  higher  in  the  uai'rower  tube. 

thermometer  of  this  kind  can  only  serve  to  show  whether  a 
certain  degree  of  temperature  be  present,  or  whether  it  be  higlier 
<rr  lower,  aceording  as  the  top  of  the  inercui-y  staiidn  higher  or 
lower  in  the  tube.  Such  an  instrument  might  be  of  some  use  to 
science  ;  but  it  is  only  by  their  graduation  that  thermometers  can 
be  rendered  practically  uJKiful :  thus  enabling  us  to  express  the  tem- 
perature, to  compare  them,  and  thus  ascertain  the  laws  of  heat* 

It  will  of  course  be  understood  that  only  aueh  glass  tubes  must 
be  applied  to  thermometers  as  arc  perfectly  cylindrical;  and  whether 
they  are  so^  is  known  by  observing  if  a  globide  of  mercury  suffered 
to  pass  up  and  down  one  of  these  tubes  occupy  an  equal  length 
in  all  parts  of  the  tube. 

After  a  tube  has  been  blown  out  into  a  bulb,  it  must  bo  tilled 

with  mercurj' ;  for  this  purpose  the  bulb  is  wanned,  in  order  that 

the  air  contained  within  it  may  be  expanded,  aud  then  the  open 

Old  of  the  tube  is  rapidly  plunged  into  the  mercury  (Fig.  463). 

no.  463.  Oil  ^he  bulb  cooling,  the  mercury  ascends  into 

iy-j    the  tube.     It  is  sufficient  herCj  if  only  a  few 
Jr     drops  reach  the  bulb.    If  we  now  again  invert  the 
M         instrument,  and  heat  the  ball  a  second  time  till 
Jf  the  Huid  begins  to  boil,  the  vapour  of  the  mercury 

W  will  soon   fill   the   whole  space,   driving   the   air 

M  entirely  out ;  and  when  the  open  end  of  the  tube 

M  is  agaiu  quickly   plunged  into  the  mercury,  we 

M  may  be  sure  of  the  bidb  becoming  entirely  filled. 

^M  Before  the  thermometer  is  closed  it  must  be 

^JS  regulated;  that  is  to  say^  as  much  mercury  must 

^=^  be  added  or  taken  away  as  is  necessary  to  make 

the  amount  correspond  to  the  medium  temperature  for  which  the 
thermometer  is  intended :  it  must  then  be  hermetically  closed. 

Tlie  graduation  of  thermometers  consists  in  marking  two  fixed 
points  on  the  tube,  and  then  dividing  the  intervening  space  into 
equal  parts.  For  these  points,  the  boihug  and  freezing  i)oints  of 
water  are  geucrally  taken.  To  determine  the  latter,  the  thermo- 
meter ball  and  tlie  tube,  as  far  as  it  is  filled  by  the  mercury,  are 
plunged  into  a  vessel  filled  with  finely  pounded  ice,  Fig.  464-. 
If  the  temperature  of  the  surrounding  air  be  higher    than   the 
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no.  404. 
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no.  465. 


freezing  point,  the  ice  will  melt,  aad 
the  whule  mass  will  assume  Uie  fixed 
temperature  of  the  freezing  poinl. 
The  thermometer  will  also  soon  ic- 
quire  this  temperature,  and  from  that 
moment  it  will  remain  perfectly  sta- 
tionary, when  we  have  only  to  mark 
with  accuracy  the  point  of  the  tube 
where  the  top  of  the  column  of  mer- 
cury stands.  This  point  is  6rst  de- 
signated hy  a  line  of  ink,  and  aabK- 
quently  marked  by  a  diamond. 
In  order  to  determine  the  boiling  point,  wc  take  a  vessel  with 
a  long  neck,  (Fig.  465),  and  heat  distilled  water  within  it  to  the 
boiling  point ;  after  the  boiling  baa  gone  on  aome  time,  all  pacta 
of  the  vessel  will  be  equally  heated,  and  the  vapour  will  escape  it 
the  lateral  openings;  the  thermometer  is  then  surrounded  on  all  sidc» 
by  vapour,  the  temperature  of  which  will  be  the  same  as  that  of  the 
upper  layer  of  water.  The  mercury  will  soon  rise  to  a  point  at  which 
it  will  remain  standing,  and  which  it  will  not  exceed.  This  point  ii 
designated  as  0.  If  at  this  moment  the  height  of  the  baromder 
be  not  exactly  760"'",  a  correction  must  be  made,  the  amount  ot 
which  will  be  given  when  we  treat  more  fully  of  boiling.  In  the 
centigrade  thermometers  the  inten'al  between  the  two  fixed  pointi 
is  dinded  into  100  parts,  and  the  thermometer  scale  thus  made. 

All  thermometers  constructed  in  this  manner  arc  comparable 
instruments ;  that  is  to  say,  they  exhibit  an  equal  number  of 
degrees  at  equal  temperatures. 

Mercurial  thermometers  may  be  constructed,  which  go  to  the 
d60th  degree  ;  but  beyond  this  it  is  not  expedient  to  raise  them, 
for  fear  of  approaching  too  nearly  to  the  boiling  point  of  mercury, 
which  is  400"  C.  Below  zero,  the  graduations  of  mercurial  ther- 
mometers may  go  correctly  as  far  as  —  30"  C.  or  —  35^'  C. ;  but 
beyond  this  we  should  approach  too  nearly  to  —  40^  C,  the 
freezing  point  of  mercury.  As  we  approximate  to  the  tempera- 
tures in  which  bodies  change  their  aggregate  condition,  thor 
expansion  is  no  longer  regular. 

All  thermometers  are  not  graduated  according  to  the  centignde 
BCale.  In  Gennany  and  France  Reaumur's  thermometers  are  much 
used,  which  are  divided  into  80",  although  for  scientific  inrcitig*- 
tions  the  centigrade  diWsion  of  Celsius  u  almost  exclusively  appbed 
to  thermometers. 
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It  i»,  however^  easy  to  reduce  Celsius^  scale  to  that  of  Reaumur, 
and  vice  verad ;  for  as 

100"  C.  =  80"  R.,  V  C.  =  0,80  R.,  and  r»  R.  —  1,25'>  C. 

Consequently  jP  C.  =  x,  0,W^  R.,  and  n"  R,  =  n  .  2,26^  C. 
We  may  thus  express  the  same  thing  in  words :  In  order  to 
change  Reaumur's  scale  to  that  of  Celsius,  we  multiply  the  number 
of  the  Rtaumur  scale  by  1,25,  or  by  ^ths.  If,  on  the  other  liand, 
ve  want  to  change  Celsius*  degrees  into  the  ReaumUr  scale,  we 
multiply  the  given  number  of  the  degrees  by  0,8,  or  what  is  the 
tame,  by  ^ths. 

In  England  Fahrenheit's  scale  is  exclusively  made  use  of,  the  0 
of  which  does  not  correspond  with  those  of  the  two  above-men- 
tioned scales.  The  null  point,  or  0  of  Fahrenheit's  thermometer 
Agrees  with  the  graduated  line  —  ITJths  of  Celsius.  Its  melting 
point  for  ice  is  32",  and  the  boiling  point  of  water  at  212" ;  so 
that  the  iuter\'al  between  the  two  is  divided  into  180  degrees. 
According,  therefore,  to  their  absolute  value,  180'  F.  =^  100^  C; 
consequently  1*^  F.  =  f^^ths  C,  and  1°  C.  =  ^%8  F. 

It  is  necessary,  however,  before  we  attempt  to  reduce  tke 
degrees  of  one  of  these  thermometers  to  the  scales  of  the  others, 
to  take  into  account  that  their  zero  points  do  not  coincide.  On 
changing  FahreiJteit's  scale  into  that  of  the  Celsian  thermometer, 
we  must  subtract  32  from  the  given  fundamental  number,  and 
multiply  the  remainder  by  ^ :  thus  we  have  aP  F.  =  (a-  —  32)  ^^  C, 
On  changing  the  Celsius  or  centigrade  scale  into  that  of  FaAren- 
A«/,  we  multiply  it  by  ^  and  add  32  to  the  product ;  consequently 
y"  C,  =  (y  ,  ^  +  32)"  F.  In  order  to  facilitate  a  comparison 
of  the  different  scales,  we  give  the  following  table. 


Celsias. 

Reaumur, 

Fahzvabcit. 

—  20 

^^ 

16 

—     4 

—  10 

, — 

8 

+  14 

0 

0 

33 

+   10 

+ 

8 

50 

20 

16 

68 

30 

24 

86 

40 

32 

lOi 

60 

40 

122 

60 

48 

140 

70 

56 

158 

80 

&* 

176 

90 

72 

194 

100 

80 

212 
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Eaipatisum  of  soM  todies.-^As  the  ezpan«ion  of  toHd  bodies  by 
heat  is  inconsiderable,  means  must  be  devised  for  makiiig  it  more 
apparent  to  the  eye.  This  is  most  simply  effected  in  the 
following  way.     A  rod  b  b*  (Fig.  466)  made  of  the  body  to  be 

examiiied  is  supported 
atone  extremity  agaiut 
a  firm  obatade  //', 
whilst  its  other  otre- 
mity  rests  sgaiikit  tiK 
shorter  aim  of  an  m- 
gnlar  lever,  let,  that 
can  rotate  roond  the 
fixed  point  c.  If  nov 
the  end  /  of  the  shorter 
arm  be  pushed  onward  by  the  expulsion  of  the  rod  b  b^,  the  other 
end  /'  will  traverse  a  much  wider  space;  and  we  may  in  this 
manner  make  even  the  slightest  prolongation  of  the  rod  bi^ 
perceptible,  provided  the  length  e  I'  be  very  large  in  prt^poition 
to  c  I. 

By  aid  of  apparatus,  the  construction  of  which  essentially  rests 
upon  the  above-mentioned  principles,  the  expansion  of  many  bodies 
has  been  ascertained.  The  foUowing  list  will  give  a  few  of  the 
most  important  of  these. 

For  an  elevation  of  temperature  from  0  to  100**  C,  we  have 
these  expansions : 


Platinum 

.     about  0,00086  or  -y^ 

Glass  on  the  average 

•        i> 

0,00087  „  -nVr 

Steel  (hard) 

>i 

0,00124  „   -^ 

Iron      . 

it 

0,00122  „   ^ 

Copper 

ft 

0,00171  „   ^ 

Tin       .         .          . 

7J 

0,00217  „   ;rh- 

Lead    .         .         .         . 

» 

0,00285  „   ,rht 

Zinc 

ty 

0,00294  „   -phr 

A  steel  rod,  therefore,  which  at  0*^  has  a  length  of  807  hnes, 
will  have  a  length  of  808  lines  at  100** ;  a  zinc  rod  of  only  S40 
lines  in  length  will  expand  1  line  at  an  increase  of  temperature 
from  0  to  100".  Amongst  all  the  above  given  bodies,  platinnm 
expands  the  least,  and  zinc  the  most. 

Almost  all  solid  bodies  expand  equally  between  0  and  100°; 
that  is,  their  expansion  is  proportional  to  the  elevation  of  tempe- 
rature.    At  an  increase  of  temperature  from   0   to    10^  copper 
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expands  0,000171,  at  an  elevation  of  tcinpcratorc  from  0"  to  l'^  it 
capondfl  0,0000171  of  iU  length  at  0^. 

T\\c  number  cxprcaaing  the  extent  of  length  fn)ni  0",  wliich  a 
body  expands  at  an  elevation  of  temperature  fmin  0  tu  100, 
ia  termed  the  co-eificient  of  the  expansion  of  length.    The  above 

lie  gives  the  co-cfficicnta  for  platinum,  glass,  steel,  &c. 

Cubic  expansion  is  the  increase  in  the  volume  of  a  body  pro- 
duced by  an  elevation  of  temperature.  Here,  too,  the  volume  of 
tbe  body  at  0"  is  taken  as  the  starting  point,  and  by  the  co-effi- 
cience  of  expanision  we  here  understand  the  number  giving  the 
quantity  which  expres-ses  liy  how  much  of  its  original  volume  at  0^ 
A  body  on  heating  it  to  100*  C.  expands.  If  we  say  that  the  co- 
efficient of  the  expansion  of  mercury  is  0,0 1 8,  it  means  that  mercury 

18 
expandn  at  au  elevation  of  temperature  of  \(XP  about  TKKf;  of  it» 

volume  at  0".  If  we  know  the  co-efficients  of  expansion  and  the 
volume  of  a  body  at  0",  we  may  reckon  its  volume  at  any  di^^ee 
of  temjjerature,  provided  that  the  expansion  of  the  body  be  regular 
up  to  this  degree  of  teui|K:raturc. 

In  liquid  and  gaseous  bodies  the  expansion  can  be  determined 
directly  by  experiments,  whilst  m  soLd  bodies  it  must  be  estimated 
from  the  linear  expansion  observed. 

The  co-efficient  of  expansion  of  solid  bodies  is  three  times  as  great 
as  the  CO -efficient  for  the  linear  expansion  of  the  bodies. 

We  may  convince  ourselves  of  this  by  the  following  reasoning. 
Let  /  be  the  side  of  a  cube  at  0",  then  I'  is  its  volume,  which   we 
will  designate  by  p ;  if  the  cube  be  heated  to  the  100"  C.  each  side 
becomes  /,  (1  +  r),  consequently  the  contents  of  the  cube  arc : 
v'  =  r  (1  +  r)**  =  Z'  (1  +  3  r  +  3  r^  +  O- 

But  as  r  is  a  very  small  quantity,  we  may  disregard  its  higher 
powers,  when  the  value  of  v*  will  consequently  be  reduced  to 

p'  =  /'  (1   +  3  r)  =  P  (1  +3  r). 
The  volume  v  is  consequently  increased  about  3  r  v;    and   the 
co-efficient  of  expansion  for  the  volume  is  consequently  3  r. 

We  will  endeavour  to  make  this  more  apparent  by  a  geometrical 
£giirc. 

Let  fl  6  c  be  a  cube  formed  of  a  solid  body  at  0"  (Fig.  467).  If 
ibis  cube  were  ouly  expanded  upward  at  an  elevation  of  temperature 
of  100^,  its  volume  would  increase  as  much  as  the  quadratic  plate  a  d 
e  b,  whose  solid  contents  are  v  r,  if  v  be  the  vobune  of  the  original 
die,  and  r  the  Imear  co-cfficieut  of  cxpiuision.     If  the  cube  ouly 
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expanded  towards  the  left  aide,  it  would  be  increased  by  an  equillj 
pio.  467.  '^g^  P^**^  ^  9  ^fi  and,  finidly^  a  third 

plate  h  \  h  Cy  whose  contcnta  are  like- 
wise r  r,  would  be  the  result  of  the 
expansion  of  the  body  anteriorly.  Hk 
cubic  contents  of  these  three  platct 
together  are  3  r  ».  To  complete  the 
estimation  of  the  increase  by  heat  of 
the  cube,  we  ought  to  add  the  conteoti 
of  the  comers,  which  are  filled  up 
at  the  places  where  every  two  of  tfcc 
above-mentioned  plates  meet  together  at  the  edges;  but  the 
amount  of  this  is  so  inconsiderable,  that  it  may  be  disregarded, 
since  the  size  of  the  linear  expansion  rf  a  is  very  small  in  com- 
parison with  the  lengths  of  the  sides  of  the  original  cube,  and  «r 
may  thus,  without  serious  error,  assume  3  r  v  to  be  the  whok 
increase  of  the  voltune. 

The  co-efficient  for  the  expansion  of  length  in  glass,  for  instance, 
is  0,00087,  at  an  elevation  of  temperature  from  0  to  100^,  cod- 
sequently  u  ma«s  of  glass  will  expand  about  0,00251  of  ita  volmue; 
the  same  is  the  case  \nih  the  contents  of  a  glass  vessel.  If  a  glaa 
vessel,  at  a  temperature  of  0\  contain  exactly  1000  cubic  centi- 
metres, its  contents  will  at  100^  have  increased  to  1002,51  cubic 
centimetres. 

Expansion  of  fluids. — The  apparatus  in  Fig.  468  may  be  oaei 
to  determine  the  ex]}ansion  of  various  fluid 
bodies.  The  neck  of  a  glass  vessel  of  corre- 
sponding size  is  so  much  contracted  at  one  spot, 
that  the  part  above  may  be  in  some  degree 
considered  as  a  funnel.  The  narrowest  part 
of  the  neck  a  is  marked  in  some  way.  The 
globe  is  now  filled  with  the  fluid  to  be  examined, 
so  that  it  reaches  above  a,  within  the  funnel^  and 
the  whole  is  cooled  doun  to  O'*,  while  the  appantu 
is  entirely  surrounded  with  melting  snoir,  or  ice. 
When  the  fluid  is  cooled  to  0",  all  the  fluid  standing  above  tbo 
mark'must  be  removed.  If  we  weigh  the  filled  globe,  abstract- 
ing  from  the  weight  found,  that  of  the  glass  vessel,  we  shall  obtain 
the  weight  of  the  fluid  rising  in  the  globe  at  0°.  As  soon  as  the 
globe  is  warmed,  the  fluid  w^ill  expand,  ascending  above  the  mark 
a  on  the  funnel.     When  we  have  warmed  it  to  a  certain  degree  of 
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temperature,  as  10O\  we  must  remove  all  the  Huid  Btanding  above 
a,  and  weigh  it  a  second  time.  After  this^  it  will  be  ea^  to 
calculate  the  apparent  expansion. 

The  expansion  thus  determined  is,  as  we  have  already  remarked, 
oidy  the  apparent  one;  the  true  expansion  of  tiuids  being  only 
foond  on  adding  the  increase,  by  heat,  of  the  coatents  of  the  glaw 
Tcsdel  to  the  apparent  espansion. 

At  an  elevation  of  temperature  from  0  to  100",  the  expansion  of 
the  volume  at  0^,  is  as  follows  : 

Mercury      .    about  0,018 
Water     .     .       „       0,0^ 

K  Spirits  of  wine    „      0,100 

OU     .     .     .       „       0,100  nearly. 
As  we  see,  the  expansion  by  heat  is  very  considerable  in  the 
te  nf  spirits  of  wine  and  oil,  a  circumstance  that  ought  to  be 
attended  to  in  commerce. 

Moat  fluids  do  not  expand  regularly  between  0  and  100".  This 
ia  best  seen  by  constructing  thermometers  of  different  Huids,  and 
comparing  them  with  one  of  mercury.  If,  for  instance,  we  heat  a 
water  thermometer  which  has  long  been  exposed  to  a  temperature 
of  0",  it  will  not  immediately  rise,  but  will  first  sink,  and  only  begin 
to  rise  when  the  temperature  has  been  raised  to  5}".  If  we  take 
into  account  the  ex|)ansion  of  the  glass,  it  will  be  found  that  water 
baa  a  maximum  density  at  4",  that  is,  at  4"  water  is  denser  than  at 
any  other  temperature.  Water  of  4°  will  expand  whether  we 
heat  or  cool  it. 

Spirits  of  wme  do  not  expand  regularly,  on  which  account 
a  spirit  thermometer  does  not,  at  all  temperatures,  correspond  with 
one  of  mercury. 

Expatision  of  gases, — Gases  expand  by  heat  far  more  than  soUd 
and  fluid  bodies,  and  their  co-efficients  of  expansion  are  the  same 
for  all  temperatures;  further,  gases  always  expaud  in  proportion  to 
the  elevation  of  temperature. 

At  an  elevation  from  0  to  100",  the  expansion  of  gases  amounts 
to  0,365  of  their  volume  at  0^. 

DiflTerent  methods  have  been  used  to  ascertain  the  co-effi«icnts 
of  expansion  for  gases,  amongst  which,  however,  the  following  is  the 
most  simple.  A  glass  bulb  is  blown  at  the  one  end  of  a  thin  glass 
tube,  as  seen  in  Fig.  469,  while  the  other  end  is  drawn  to  a  fine 
point.   On  immersing  the  bulb  in  boiling  water,  in  such  a  manner. 
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of  course,  that  the  point  shall  project  tolerably  far  beyond  ibe 
Huid,  the  air  within  it  will  soon  be  heated  to  lOO^,  andj  in  oonse- 
rio.  469.  quence  of  thi?*,  will  |>artiaI1y  escape  from  the  liall. 
The  point  must  now  be  closed  over  a  spirit  lamp, 
and  the  bulb  suffered  to  cool  gradually ;  when  ii 
baa  become  quite  cold  we  must  then  invert  it,  pat 
the  point  into  the  mercury,  and  break  it  off;  the 
mercury  will  now  naturally  force  its  way  into  the 
ball,  l>ecause  the  air  within  haa  been  rarefied  by  the 
previous  heating. 

If  we  cool  the  hall  to  (F,  by  means  of  mdted 
snow  laid  upon  it,  the  mercury  forcing  its  mvf 
in,  will  exactly  till  the  space  in  which  the  air  re- 
maining in  the  bulb  has  expaiided  at  an  elevation  of 
temperature  from  0  to  lOCP,  If  we  determine  by  weight  the 
quantity  of  mcrcur)'  that  has  entered,  we  shall  obtain  the  weight 
of  the  amount  of  mercury  which  the  whole  bulb  is  capable 
of  containing;  and  thus,  consequently,  we  may  calculate  the 
co-efficienta  of  cipausion  of  air. 
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Pnsion, — Wc  may  easily  see  that  fitsumj  that  is,  the  transition 
of  a  body  from  the  solid  to  the  fluid  condition  must  be  a  pheoo- 
menon  of  heat,  and  that  no  other  pMwer  in  nature  but  this  is 
capable  of  producing  a  similar  effect.  We  may  break  ice 
and  reduce  it  to  ]K)wder,  and  wc  may  expend  every  mechanical 
power  upon  it ;  but  yet  it  will  not  l>e  converted  into  water  until 
acted  upou  by  heat.  The  same  is  the  case  with  lend,  waxj  kc. 
Whethtr  a  body  be  solid  or  tluid  depends,  therefore,  entirely  aud 
solely  on  its  tcmjjcrature.  At  any  other  distance  from  the  sun 
than  the  one  occupied  by  it,  the  earth  would  present  a  very 
different  aspect ;  at  a  greater  approximation  to  that  luminary 
moat  metals  would  be  in  a  constant  state  of  fusion,  while  at  a 
greater  distance  from  it  the  8ea  would  be  a  solid  mass;  thcnr 
would  be  no  running  water,  and  probably  no  tlmd,  on  the  cirrula- 
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tion   of  which    the    phcuomena   of    auimal    aud    vegetable   life 
depend. 

Ah  heat  penetrates  and  expands  a]i  bodies^  the  question  natu- 
rally arises,  whether  all  solid  bodies  are  fuaihle  ?  In  this  respect 
great  differences  present  themselves  amongst  bodies ;  some  are 
eoMtitj  fusible,  and  pass  into  a  fluid  condition  at  even  a  low 
temperature^  a*,  for  instance,  ice,  phosphorus,  sulphur,  wax,  fat, 
&c. ;  others  again  require  high  temperatures  to  reduce  them  to 
fusion,  aa  tin,  lead,  &c. ;  finally,  there  are  bodies  which  only  melt 
at  very  high  temperatures,  as  gold,  iron,  platinum.  No  success 
has  as  yet  attended  the  attempts  made  to  fuse  charcoal,  although 
many  natural  philosophers  maintain  that  they  have  observed 
traces  of  fusion  at  the  edges  of  the  diamonds  submitted  to  experi- 
ment. Judging  from  analogy,  we  must  conclude  that  there  are 
no  absolutely  infusible  bodies,  and  that  all  would  melt  if  exposed 
to  a  sufficiently  high  degree  of  temperature. 

Organic  bodies  undergo,  for  the  most  part,  a  chemic-al  decom- 
position by  the  notion  of  heat  before  they  are  reduced  to  a 
state  of  fusion. 

On  a  hody  passing  from  the  solid  to  the  lluid  condition,  we 
observe  two  remarkable  phenomena.  In  the  first  place,  it  remains 
solid  up  to  a  certain  tixed  temperatiu^,  which  is  always  the  same 
for  the  same  body,  and  at  which  alone  fusion  begins ;  and  secondly, 
the  temperature  docs  not  change  during  fusion,  let  the  amount 
of  heat  imparted  be  what  it  may.  Heat  is,  therefore,  absorbed 
during  fusion,  and  incorporates  with  the  body  without  producing 
any  further  action  on  the  feelings  or  on  the  thermometer.  The 
%nvariabilxtij  of  the  fusion  point  and  the  absorption  of  latent  heat 
arc  two  cssentini  conditions  of  fusion. 

The  following  table  gives  the  point  of  fusion  for  different 
substances. 

Wrought  English  iron 

LSoft  French  iron 
The  least  fusible  steel  , 
The  most  easily  fusible  steel 
Gray  cast-iron,  second  smelting 
Easily  fusible  gray  cast-iron 
Gold 
Silver          .... 
Bronze         .... 
Antiumiiy   .... 



1600  degrees. 

1500 

1400 

1300 

1200 

1050 

1250 

lOUO 

900 

432 
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Zmc 860 

Lead 834      „ 

Bismuth 256       „ 

Tin 280      „ 

Amalgam^  formed  of  6  parts  tin, 

1  part  lead  ....       194      „ 

Sulphur 109       „ 

Amalgam  of  8  parts  bismuth,  5 

parts  lead,  8  parts  tin  .  100       ,, 

„         M    4  parts  bismuth,  1 

part  lead,  1  part  tin      .         .         94       ,, 

Sodium 90      „ 

Potassium 58      „ 

Phosphorus         ....         43       „ 
Stearic  acid         •         .         .         .         70      „ 

Soft  wax 68       „ 

Yellow  wax         ....         61       „ 

Stearine 49  to  43o 

Spermacetti         .         •         •         .         49       „ 
Acetic  acid  ....         45       „ 

Soap  .         .         .         .         .         .         88       „ 

Ice 0      „ 

Oil  of  turpentine  .         .         .     — 10      „ 

Mercury — 39       „ 

Latent  heat, — A  considerable  degree  of  heat  is  necessary 
to  convert  ice  or  snow  at  0**  into  water  at  0**.  The  heat  U 
latent  in  the  water,  and  is  alike  imperceptible  to  the  feelings 
or  to  the  thermometer. 

If  lib.  of  water  of  79**  be  mixed  with  lib.  of  snow  of  0^,  wc 
shall  obtain  21bs.  of  water  of  O''.  All  the  heat,  therefore,  which 
was  contained  in  the  hot  water,  is  no  longer  to  be  detected  by  the 
thermometer,  having  alone  been  apphed  to  the  purpose  of  convert- 
ing snow  at  0^  into  water  at  0*^. 

If  snow,  or  pounded  ice  at  about '—  10^  be  mixed  with  common 
salt  at  about  —  10*^,  the  two  will  combine  to  form  a  liquid  solutioD 
of  salt ,-  and  the  thermometer  will  in  the  mean  time  faU  more  and 
more,  owing  to  the  large  quantity  of  heat  that  is  latent  in  the 
liquefaction  of  two  previously  solid  bodies.  On  this  principle 
depend  the  so  ceSkidi  freezing  mixtures. 

If  we  designate  as  1  the  amount  of  heat  necessary  to  raise  the 
temperature  of  lib.  of  water  to  1%  the  amount  of  heat  which 
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becoines  combined  or  latent  by  the   fusion  of  lib.  of  snow  will 
be  equal  to  79. 

Heat  is  latent  as  well  in  tbe  melting  of  ice  and  snow,  as  also 
in  the  fasion  of  other  bodies.  The  following  are  the  values  of  the 
Intent  heat  of  several  bodies  according  to  Irvine's  calculations  : 

Sulphur     .         .         .80 

Lead  .         ,         .90 

Wax  ...    97 

Zinc  .         .         .  274 

Tin   .  .         .278 

Bismuth  .  .  .305 
The  signification  of  these  numbers  is  easily  understood ;  for 
instance,  as  lib.  of  snow  requires  for  its  fusion  79  units  of  heat, 
that  ia,  79  times  aa  much  heat  as  is  necessary  to  raise  the  tempe- 
rature of  lib.  of  water  1",  80^  units  of  heat  are  requisite  to  fuse 
lib.  of  sulphur,  and  90,  97,  and  274,  respectively,  for  the  fusion 
of  lib.  of  lead,  wax,  or  zinc,  &c. 

As  heat  is  latent  in  the  fusion  of  a  solid  body,  so  likewise  an 
absorption  of  heat  is  effected  on  a  solid  lx>dy  lieing  dissolved 
into  a  fluid  condition ;  we  may  easily  convince  ourselves  of  the 
truth  of  this  on  throwing  a  pulverised,  easily  soluble  salt,  as  salt- 
petre, in  water,  and  promoting  the  solution  by  stirring;  the 
temperature  of  the  water  will  fall  several  degrees  during  the 
process. 

Pulverised  glauber  salts,  over  which  muriatic  acid  has  been 
ponred,  give  a  fall  of  temperature  of  +  10  to  —  17"  C. 

Solidification, — On  the  transition  of  a  body  from  a  fluid  to  a 
solid  condition,  we  observe  phenomena  precisely  analogous  to 
those  exhibited  in  the  process  of  fasion  ;  iu  the  first  place,  it  only 
occurs  at  a  definite  temperature  corresponding  with  the  fusion 
point,  and  secondly,  all  the  latent  heat  that  had  been  absorbed  by 
fusion  is  again  lil>erated  on  soUdiflcation  taking  place. 

Tlie  phenomenon  of  the  liberation  of  latent  he-at  on  the 
flolidiflcation  of  fluid  bodies  was  proved  in  the  following  manner : 
In  the  year  1714  Fahrenheit  made  the  observation,  that  under 
certain  circumstances  piirc  water  may  be  cooled  to  from  10*  to 
ISy*  without  freezing.  This  may  often  be  noticed  in  the  open  air, 
but  the  phenomenon  can  be  best  exhibited  by  being  careful  to 
expose  the  cooling  water  to  but  an  inconsiderable  pressure  of  air 
or  vapour.  This  may  be  eflected  by  making  water  boil  in  a  glass 
tube  that  has  been  drawn  out  into  a  flne  point,  and  scaling 
it  when  we  suppose  that  all  the  air  has  been  driven  out  by 
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tlie  steam.     There  will  thru  only  be  steim  iu  the  glaat  above  the 

water,  which  vrill  exerci^u  but  an  incousiderable  degree  of  pressnit 
at  a  low  temperature.  On  exposing  such  a  glass  tube  aa  ihu  toi 
temperature  of  —  12",  the  water  will  reuiaiu  fluid ;  bul  whtsx 
the  vessel  is  shaken,  the  mass  of  water  will  suddenly  freeze.  If  a 
thermometer  haa  been  inserted  into  the  interior  of  the  glass  tube, 
on  which  we  may  be  able  to  discern  the  low  dcgi-ec  of  teuipcn- 
ture,  standing  at  —  12",  we  shall  sec  how  the  mercury  will  instan- 
taneously rise  to  0"  as  the  water  becomes  solid* 

The  rapidity  with  which  the  solidification  occurs  under  tbcae 
circunistanccs,  and  the  rising  of  the  thermometer,  are  phenonicn* 
which  easily  admit  of  explanation.  The  latent  heat  r»f  the  fint 
particles  that  freeze,  passes  over  to  the  next  particles,  which  arr 
still  fluid.  They  ai'e  certainly  warmed,  but  not  sufficiently  so  to 
hinder  their  solidification,  hence  the  two-fold  action  of  solidifica- 
tion and  heating. 

When  solidification  takes  place  at  the  ordinary  freesring  p(»tnt,  it 
always  occurs  but  slowly,  and  without  any  elevation  of  tanpc- 
ratxire.  If,  for  instance,  water  £ree£e  at  O',  the  solidiiicatiuu  will 
generally  hegin  simultaneously  at  various  points,  and  hcn^  tin; 
particles  first  soUdified  will  give  off  thcii'  latent  heat  to  the  uci^- 
bouring  parts,  which  will  thus  be  maintained  in  a  fluid  oon* 
dition  for  a  few  rninutrs  longer.  This  is  the  cauae  of  our 
observing  thin  ice  plates,  and  fine  needles  of  ice  diffusing  thciu* 
aclves  in  various  ways  over  the  iluid  mass.  In  this  manner  the 
latent  heat  is  distributed  by  degrees,  and  were  it  not  for  the  prv- 
eence  of  this  heat,  the  whole  tluid  mass  would,  on  being  cooled  tu 
the  freezing  temperature,  at  once  become  solid. 

Heat  is  also  bberated  every  time  a  fluid  enters  into  a  solii 
combination  with  another  body.  Thus,  burnt  gypsum  and  burnt 
lime  combine  with  water  to  form  solid  bodies,  named  hydratei 
by  the  chemiats.  Water  puiises,  therefore,  by  this  combination 
into  a  solid  form,  and,  consequently,  heat  must  be  liberated.  We 
thus  explain  the  intensity  of  heat  occasioned  by  throwing 
on  burnt  lime. 

Fonrwtion  of  vapour, — When  a  fluid  ia  in  contact  with  the  air, 
its  quantity  diminishes  by  degrees,  until  it  wholly  diHappeum  after 
a  longer  or  shorter  period  of  time.  The  water  which  covtT*  the 
soil  after  rain  cannot  resist  the  action  of  a  dry  wind  or  the 
sunshine,  but  will  disHppear,  not  only  because  it  has  heiii 
imbibed  by  the  earth,  but  also  because  it  ha»  evaporated  iu  the 
air. 
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The  phenomenon  of  evaporation  goes  on  more  rapidly  on  letting 
water  boil  in  n  flat  diah  over  the  fire;  in  a  short  time  all  the 
water  will  have  disappeared,  althoujrh  it  has  not  been  absorbed  by 
the  dish.  Hence,  it  follows,  that  fluids  change  their  aggregate 
condition,  becoming  invisible  and  expansible  like  gases.  Wc  desig- 
nate by  the  term  vapour  any  tluid  that  has  passed  into  a  gaseous 
eondition. 

The  erroneous  opinion  long  prevailed  that  vajwurs  could  not 
t  by  themselves  as  such ;  that  they  were  dissolved  in  the  air 
the  same  manner  as  salt  is  in  water ;  and,  finally,  that  in  order 
to  make  fluids  assxunc  the  form  of  gas,  it  was  necessary  to  have 
some  solvent  medium  as  the  air,  like  the  soluble  power  of  water 
to  make  salt  fluid.  In  order  to  prove  the  incorrectness  of  this 
Tiew,  and  at  the  same  time  to  be  able  to 
study  the  true  laws  of  the  fonnation  of  vapour, 
we  must  take  eare  to  conduct  the  process 
in  a  vacuum.  For  this  purpose  the  Torricellian 
VBCuimi  is  admirably  well  adapted,  not  only  from 
its  fiiniishiug  us  with  a  perfect  vacuum ;  but 
also,  because  the  depression  of  the  moveable 
column  of  mercury  affords  us  a  means  of  mea- 
suring the  expansive  force  of  vapours, 

lict  US  asaumc  that  wc  have  ])laccd  three 
Toriccllian  tubes  side  by  side  in  a  broad  vesBcl 
B  r',  Fig.  470,  filled  with  mercury,  the  fluid  level 
will  be  equal  in  all  three ;  if,  however,  by  means 
of  a  curved  pipe  wc  pour  a  little  water  into  a 
tube  i',  it  will  rise  to  the  Torricellian  vacuum,  and 
the  mercury  will  then  instantly  fail  several  milli- 
metres. This  depression  cannot  be  ascribed  to 
the  weight  of  the  small  layer  of  water  floating 
on  the  mercury  ;  and  in  like  manner,  provided 
we  have  taken  water  which  has  been  perfectly  freed  from  air  by 
boiling,  as  is  necessary  to  the  success  of  the  experiment,  wc  are 
unable  to  ascribe  this  depression  to  the  air  liberated  from  the 
water.  Vapours  must  therefore  have  been  developed  in  the 
water,  which,  like  gases,  possess  a  tension  ;  for  these  vapours  act 
precisely  in  the  same  manner  as  if  a  small  portion  of  air  had  been 
suffered  to  rise  in  the  vacuum. 

The  amount  of  depression  affords  at  once  a  standard  by  which  to 
measure  the  power  of  tension  in  the  vapour  or  the  steam  of  the 
water.  If  we  assume  that  the  surface  of  the  mercury  /  depressed  by 
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the  vapour  stands  15**™  lower  than  that  c  of  the  othar  baronoftcr, 
above  which  there  is  still  a  perfect  vacuum,  it  will  be  clear  tbat 
the  vapour  will  press  upon  the  surface  t  with  a  force  equal  to  t 
colunm  of  mercury  lo*""  in  height.  Tliis  depression  of  15"*"  i«» 
therefore,  actually  the  measure  of  the  force  of  tension  of  the  stnm. 
If  we  had  put  sulphuric  ether,  for  instance,  or  any  other  fittid 
instead  of  water  into  the  third  barometer  tube  b'%  we  should  have 
observed  a  far  more  considerable  amount  of  depression  than  in 
the  water,  for  at  a  medium  tenipcrabire  the  depression  amounts  to 
almost  half  the  height  of  the  barometer  A,  from  which  it  folknre, 
that  under  these  circumstances  the  vapour  of  ether  haa  a  force  of 
tension  equal  to  the  pressure  of  almost  half  an  atmosphere. 

Maximum  of  the  force  of  tension  of  vapours. — The  tendency  d 
vapours  to  expand  i^  carried,  as  in  gases,  ad  infinitum ;  that  is  to 
say,  the  smallest  quantity  of  vapour  will  diffuse  itself  throogfa 
every  part  of  a  vacant  space,  be  its  size  what  it  may,  exercising  » 
more  or  less  considerable  pressure  upon  the  walls.  The  smaOeit 
quantity  of  water  is  therefore  capable,  in  the  form  of  vapour  or 
steam,  of  filhng  a  space  of  many  thousand  cubic  metres,  in  the 
wo.  471.  same  manner  as  docs  the  air.  Althouf2;h  vapours 
have  an  illimitable  force  of  expansion,  their  force  of 
tension  cannot,  as  in  the  case  of  gases,  be  incraaaed  si 
will  by  an  increase  of  pressure.  For  to  whatever 
extent  we  compress  a  given  quantity  of  air,  its  club- 
city  will,  according  to  Mariotte's  law,  increaM  ia 
the  same  proportion  as  its  volume  diminishes.  On 
attempting  to  compress  vapours,  in  order  by  thit  , 
means  to  augment  their  claaticit)',  we  soon  reach  afl 
point  where  the  vapom*  condenses,  and  rctuma  to  itt 
fluid  condition.  The  limit  of  reniianee,  at  ivhicfa 
further  compression  produces  no  increase  of  elasticity 
of  the  vapour,  but  renders  it  fluid,  is  termed  the  iiuii- 
mum  of  the  tension  of  vapour. 

In  order  to  show  by  expcnment  this  characteristie 
difference  between  gases  and  vapoiirs,  the  mo«t 
apparatus  is  the  one  described  at  page  101,  ex 
only  that  ether  is  put  in  the  place  of  the  air  in 
tube  of  the  barometer.     For  this  purpose  the  Torricel- 
lian tube  is  carefully  filled  with  mercury,  the  air 
aa   much    as   possible    removed   by   boiling   or  oi 
IjB        means.    If  the  tube  be  thus  fiUcd  to  the  hinght  of  fn«n" 
,^«^  \^    1  to  2  centimetres  with  mercury,  the  remainder  of  the 
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mast  be  tilled  up  with  ether,  on  which  the  tube  is  inverted 
and  inuner^ed  in  the  vessel  c  n.  The  ether  immediately  rises, 
one  portion  remaiuini^  fluid  while  the  other  is  evaporated  in  the 
vacuum,  which  occAsions  a  depression  of  the  column  of  mercury. 
l(,  for  instance,  the  column  n  «  has  only  a  height  of  400™'",  while 
it  wouJd  be  760™°*  in  height  if  there  were  a  vacuum  above,  then 
the  force  of  tension  of  the  vapour  of  ether  is  cqaal  to  360°"".  If 
now  we  press  the  Torricellian  tube  c  c'  more  deeply  into  the  tube 
e  c,  filled  with  mt-rcury  in  order  thus  to  diminish  the  apace  filled 
with  vajK)ur  of  ether,  we  shall  perceive  that  the  mercury  column 
u  t  remainii  quite  unchanged.  If  there  is  air  instead  of  ether 
ur  in  the  upper  part  of  the  tube,  we  know  that  when  the 

ume  of  included  air  is  diniiiiished  by  being  pressed  down,  its 
elasticity  also  increases,  so  that  the  height  of  the  mercury 
coliinm  in  the  barometer  decreases,  (page  101.)  Here  the  case 
is  quite  different  with  regard  to  vapour,  for  the  volume  of 
the  vapour  of  ether  will  be  diminished  without  the  elasticity 
being  increased,  the  height  of  the  colunm  n  s  remaining  the 
same. 

The  more,  however,  that  we  press  the  tube,  the  more  does  the 
quantity  of  the  ether  increase,  the  diminution  of  the  space  occupied 
by  the  ether  vapour  actit»g  in  such  a  manner  that  a  portion  of  the 
vapour  is  again  condensed  to  fluid  ether,  whilst  the  remaining 
vapour  does  not  change  its  force  of  tension.  If,  therefore,  we 
compress  the  space  filled  with  the  ether  vapour  to  ij  i,  or  J,  &c., 
if  ii  or  J  &c.,  of  the  vapour  will  likewise  be  condensed.  If  we 
continue  to  press  down  the  tube,  we  shall  soon  reach  a  point  at 
which  all  the  vapour  will  be  condensed,  so  that  there  will  be  only 
fluid  ether  over  the  column  of  mercury ;  it  is,  however,  extremely 
difficult  ftilly  to  remove  every  globule  of  vapour,  as  the  ether 
always  contains  absorbed  air. 

On  again  raising  the  tube,  the  column  of  mercury  will  always 
retain  the  same  height,  n  *,  whilst  the  fluid  layer  of  ether  will 
continually  diminish :  showing  that  vapour  re-forms  immediately 
again  to  fill  the  enlarged  space,  and  reaches  the  maximum  of  the 
power  of  tension.  If,  however,  wc  only  put  a  little  ether  into  the 
tube,  and  raise  it  sufficiently  to  let  all  the  fluid  escape,  the  mer- 
cury will  also  ascend  on  continuing  to  raise  the  vessel ;  the  ether 
vapour  is  const^quently  no  longer  at  the  maximum  of  the  force  of 
tension,  and  will  exhibit  exactly  the  same  relations  as  a  gas  on  a 
further  increase  of  ita  volume. 
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Equilibrium  of  the  force  of  tension  in  an  unequally  heated  spnct, 
— Wc  may  easily  convince  ouraelves  of  the  important  influence 
exercised  by  the  degree  of  temperature  oo  the  niaxiTniim  tenwoo 
of  vapours,  by  observing  the  inequality  in  the  dejiression  of  the 
barometer  tube  dunng  the  above-named  experiment,  when  coo- 
ducted  at   dififercut  temperatures.      For  instance,  w-ith   ether  it 
(y  we  obtain  only  a  depression  of  180*°",   whilst  it  amounts  to 
630""  at  30  degrees.     Phenomena  which  are  ever  present  befort 
us  furnish  us  with  many  proofs  of  the  truth  of  this.     The  vapour  ; 
of  water,  as  it  is  formed  upon  the  surface  of  rivers  and  lakes,  bt* 
only  an  inconsiderable  degree  of  tension ;  but  when  water  is  made 
to  boil,  the  force  of  tension  of  the  steam  is  so  great  as  to  be  able 
to  equipoise  the  pressure  of  the  atmosphere,  whilst  at  a  stdl  higher 
temperature  this  tension  augments  to  such  a  degree  as  to  occBsion 
the  most  fearful  explosions  in  the  boilers. 

Wc  may  conjecture  from  this  what  the  maximum  of  the 
of  steam  may  be  in  a  space  which  is  unequally  heated  in  difEc"- 
rent  parts.  According  to  the  conditions  of  the  equilibrium  of 
gaseous  bodies,  the  steam  must  have  an  equal  degree  of  tension  at 
all  parts  of  this  s|)ace ;  and  as  the  force  of  tension  of  the  steml 
cannot  be  so  great  at  the  cooler  as  at  the  warmer  parts,  it  is' 
evident  that  the  tension  of  the  vapour  umst  be  the  same  through- 
out the  whole  space  as  at  the  coldest  places;  that,  conseqaently, 
the  vapour  cannot  at  the  warmer  parts  reach  the  maximum  of  the 
force  of  tension  corresponding  to  the  higher  temperature. 

This  principle  may  be  rendered  apparent  by  the  help  of  the 

uppai-aliis  (Fig.  472.)     Two  glass  bidbs,  a  and  b,  each  coutaioiog 

..,   J90  ^  \iti\c  ether,  are  connected  by  a  tube  <r,  a  second 

Flo.    4/*.  lilt 

curved  tube   d  passiug   through   the  cork   thai 
^  iL|     closes  b.     If  now  the  ether  in  a  and  b  be  brought 

/V         /\       to  the  boiling  point,   {which  is  best  efRscted  by 
^*  ^^       phmging  the  tube  into  hot  water)  the  ^-ajwur  will 

escape  through  the  tube  rf,  carrying  away  tlic  air 
from  the  apparatus.    We  now  plunge  tlie  lomr 
end  of  the  tube  rf  in  a  vessel  filled  with  mcrcurr, 
removing  the  sources  of  heat  by  which  the  ether 
has  been  made  to  boil ;  a  and  b  will  then  imme- 
diately be  cooled  down  to  the  temperature  of  th* 
surrounding  air,  the  force  of  tension  of  the  va{K>ur 
^^    in  the  apparatus  will    diminish   to  a   definite 
degree,  and  the  merciuy  consequently  rise  to  a  definite  height, 
dependant  upon  the  tempemture  of  the  surrounding  air.     If  wc 
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one  bulb  into  snow  or  some  freezing  mixtwrCj  the  tncr- 
1  forthwith  rise  as  high  na  if  buth  balbs  h&d  experienced 
degree  of  cooling. 

e  of  the  force  of  iension  of  tfie  vapour  of  water. — Different 
apparatus  have  been  applied  to  the  purpose  of  dctennining 
of  tension  of  steam,  accftrdiiig  aft  we  wish  to  calculate  it 
ipcmtiirc  between  O^  and  1(X)'\  below  0"  or  above  100". 
apparatus  represented  in  Fig,  473  is  used  for  temperatures 
varying  between  O'  and  100".     It  c<msists  of  two  baro- 
meter tubes  immersed  side  by  side  in  the  same  vessel ; 
the  rtrst  of  these  tubes  forms  a  complete  barometer,  and 
in  the  wcond  ther(»  is,  above  the  mercury,  a  little  water, 
which  forms  a  little  vapour    in    the   vacuum.     The  two 
tubes  are  plunged,  by  means  of  an  iron  rod,  into  a  suffi- 
cieutly  deep  glass  vessel ;  this  vessel  is  quite  filled  with 
no.  47i,  water,  which  may  be  warmed  to  any  temperature 
we  please  between  0"  and  100".    The  temperature 
of  this  water,  which  may  be  determined  by  pro- 
perly applied  thermometers,  is  at  the  same  time 
that  of  the  two  barometers  and  of  the  steam  in 
the  one.     In  order  to  obtain  the  degree  of  elas- 
ticity tif  the  steam  corresponding  to  each  degi*ee 
of  temperature,  we  liave  only  to  determine   in 
what  relations  the  depression  of  the  steam  baro- 
meter stands  to  the  height  of  the  column  of  mer- 
cury in  the  perfect  barotneter. 

The  following  method  may  be  adopted  for  mea- 
suring the  force  of  tension  of  steam  above  100**, 
A  wider  vessel  is  fixed  into  a  tolerably  long  glass 
ig.  -iri,  somewhat  in  the  same  manner  as  the  cistern  of  a 
er ;  the  longer  and  shorter  tubes  are  both  open  at  the  top. 
pouring  in  mercui-y,  it  will  of  course  rise  equally  high  in  both 
The  fluid  to  Ik  tested  is  then  i>ourcd  upon  the  mercury  in 
ider  tube,  and  after  being  kci>t  up  to  the  boiling  point  for 
time  after  all  the  air  has  been  expelled,  the  tube  is  scaled, 
put  the  vessel  into  a  fluid,  the  tcmperjiture  of  which  is  above 
Mling  point  of  the  enclosed  iluid,  vapour  will  be  formed^ 
presses  u)M)n  the  merenry  (in  the  vessel)  causing  it  to  rise 
long  tube.  The  difference  of  the  mercury  level  in  the 
and  the  tube  indicates  how  much  the  power  of  tension  of  the 
r  exceeds  the  amount  of  the  pressure  of  the  atmosphere. 

Q  o  *Z 
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The  apparatus  is  f&stened  to  a  graduated  stem,  both  for  the  por- 
poae  of  being  able  to  measure  the  bcight  to  which  the  column 
mercury  ia  raised,  and  also  to  protect  the  tube  from  being  strut 
or  broken.     If  the  tube  be  long  enough,  we  may,  by  means  uf 
apparatus,  measure  the  tension  of  steam  at  3  or  4  atmospherci. 

In  order  to  be  able  to  measure  higher  tensions,  we  lard 
only  fuse  together  the  ascending  tube,  so  that  a  definite  quanlitj^ 
of  air  may  be  inclosed  ia  it.  When  the  steam  in  the  ^'csmI] 
drives  the  mercury  into  the  tube,  the  inclosed  air  becomes 
pressed,  and  wc  may  easily  compute  the  force  of  tension  of 
steam  by  the  difference  in  the  height  of  the  two  surfaces  of  mcrcorj* 

The  following  tabled  ooutain  the  maximum  of  the  force  of 
of  steam  for  different  temperatures  : 


Force  of 

Pressure  upon 

DepcM. 

teuioa  of  steuu  in 

I  bquan?  centimetre 

milUiuetres. 

ID  kilogmnmn. 

0 

5 

0,007 

10 

9 

0,013 

20 

17 

0,023 

30 

30 

0,012 

40 

53 

0,072 

50 

89 

0,126 

60 

14o 

0,196 

70 

229 

0,311 

80 

352 

0,478 

90 

525 

0,714 

100 

760 

1,033 

Forooof 

tcDtioD  In 

aUnotphiefet 

1 

2 

4 

6 

8 
10 
15 
20 
25 
30 


CorrespomliDg 

Teriiiwratimrt. 


100 
121 
145 
160 
172 
182 
200 
215 
226 
236 


Pressure  nptm 

I  Bqture  centimeire 

expmied 

la  kllogiumnn. 

1,03 

2,07 

4,83 

6,20 

8,26 
10,33 
lo,4y 
20,66 
25,82 
30,99 
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We  see  from  these  tables,  that  at  the  temperature  of  the  boiling 
points  the  force  of  tension  of  steam  equipoises  the  pressure  of  the 
atmosphere.  This  is  universally  true :  the  force  of  tension  of  the 
vapour  formed  from  any  boiling  liquid  is  always  equal  to  the 
pressure  on  the  surface  of  the  liquid ;  for  if  it  were  less,  the 
vapour  coiUd  not  remain  in  the  interior  of  the  liquid  in  the  form 
ffd  bubbles,  and  if  it  were  more  eonsiderable  the  vapour  must  have 
HBcen  previously  formed.  The  vapours  of  all  liquids  have  an  equal 
Ibrce  of  tension  at  the  boiling  point.  Dalton  waa  of  opinion  that 
the  force  of  tension  must  be  equal  at  an  equal  number  of  degrees 
abo^e  or  below  the  boiling  point;  it  would  only  be  necessary, 
therefore,  according  to  this  law,  to  have  a  table  for  the  force  of 
tension  of  saturated  steam,  and  to  know  the  boiling  point  of  a 
liquid,  in  order  to  ascertain  the  force  of  tension  of  the  vapour  at 
any  temperature.  The  boiling  point  of  alcohol,  for  instance,  is  78", 
the  force  of  tension  of  the  vapour  of  alcohol  at  113",  that  is,  SS** 
above  the  boiling  point,  must  be  equal  to  the  force  of  tendon  of 
steam  at  135*^,  which  is  2280"",  or  3  atmospheres.  According  to 
this  law,  the  force  of  tension  of  the  Maturated  vapour  of  alcohol  at 
iP  would  be  equal  to  19*™,  because  this  is  the  force  of  tension  of 
steam  at  a  temperature  78"  below  the  boiling  point  of  water. 
From  the  experiments  of  many  natural  philosophers  it  is  evident, 
however,  that  this  law  is  not  correct. 

The  force  of  tension  of  vapour  increases,  as  we  sec,  in  a  far  more 
rapid  ratio  than  the  temperature;  that  is  to  say,  a  definite 
elevation  of  temperature  produces  a  far  greater  increase  of  the  force 
of  tension  at  high  than  at  low  degrees  of  temperature.  Thus, 
while  an  elevation  of  temperature  from  100"  to  121"  (that  is, 
about  21")  increases  the  force  of  tension  of  steam  about  1  atmo- 
sphere ;  it  will  increase  at  an  elevation  from  126"  to  236"  (that  is, 
at  only  10"  more)  about  5  atmospheres,  consequently  between 
226^^  and  236",  an  elevation  of  temperature  of  only  2"  would  suffice 
to  raise  the  force  of  tension  of  steam  to  about  1  atmosphere. 

There  are  two  reasons  for  the  increase  of  the  force  of  tension  at 
an  increasing  temperature.  Tjct  us  suppose  some  enclosed  space 
to  be  filled  by  steam  at  100",  that  is,  with  a  vapour  whose  force  of 
tension  equals  1  atmosphere,  and  that  there  is  no  more  water  in 
this  space,  it  being  cntii'cly  precluded  from  ingress.  If  now  the 
temperature  of  this  space  be  raised  121",  the  vapour  will  strive  to 
expand,  and  since  it  will  not  be  able  to  do  so,  its  force  of  tension  will 
increase,  although  rot  much  ;  the  vapour  will  then  be  no  longer  satu- 
rated, but  quite  in  the  condition  of  a  gas.     If,  however,  there  still 
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remain  any  water  in  this  space,  then,  in  conseqnence  of  the  iiicrta»e 
of  temperature,  anew  quantity  of  vapour  will  be  formed  of  1  atmos- 
phere; if,  then,  the  foree  of  tension  increases  by  1  atmosphere,  the 
vapour  will  bceomc  denser,  when,  in  eonscquence  of  its  grcatrr 
density,  it  will  exercise  a  greater  preMXxrc. 
1  cubic  inch  of  water  yields  : 

1700  cubic  inches  of  saturated  steam  at   IW 
897  „  „  »     121 

207  „  «  „     182 

Tliere  arc  liquids  whose  boiling  points  lie  btrlow  the  areru:^ 
temperature  of  the  air,  and  such  l)odies  can  of  course  not  become 
liquid  under  ordinary  cireumatances,  being  at  the  usual  trmpcn- 
ture,  and  the  usual  pressure  of  the  atmosphere,  in  a  gaseous  form, 
such  gases  must,  thenforc,  be  compressed  and  cooled,  in  order 
become  liquid.  Thus,  for  instance,  we  find  stdphurous  acid 
—  10",  and  when  rendered  liquid  under  pressure  in  a  glass  lube, 
its  vapours  exert  a  pressure  of  about  5  atmosphercH,  own  al  25*. 

Cyanogen    gas,   ammonia,   carbonic   acid,   &c.y    bUo    admit 
being  condensed  into  liquids  by  compression  and  cooling. 
vapour  of  liquid  carbonic  acid  has  at  0"  a  force  of  tension  of  ^ 
and  at  SO''  a  force  of  t<.*nsion  cq\ia]  to  73  atmospheres. 

The  Steam  Engine. — Steam  has,  in  more  recent  times,  as  wcall 
know,  been  used  as  a  moving  force,  and  it  is  owing  to  the  hi 
duction  of  the  steam  engine  that  industry  and  general  intereou 
among  men  have  made  such  rapid  advances.  Passing  by  tht 
older  forms  of  this  machine,  we  will  at  once  enter  ujx)n  the 
consideration  of  Watts'  steam  engine.  The  cylinder  A  is  made 
air-tight  below  as  well  as  al^ove^  so  that  the  atmo^hcric  air 
cannot  pass  on  either  side  upon  the  piston  C  The  steaui  wbich 
ia  conducted  from  the  boiler  through  the  tube  Z  of  the  engine, 
enters  the  cylinder  alternately  at  E  and  2).  We  shall  presently 
enter  fully  into  the  manner  in  which  this  alternation  is  prtiduoeiL 
In  the  position  of  the  engine^  as  seen  in  our  figtirc,  the  steaut 
enters  above  at  E.  The  steam  in  the  lower  part  of  the  cylinder 
escapes  at  D,  in  order  to  reach  the  condenser  T  through  the  pipe 
H,  and  ia  there  condensed ;  the  steam  presses  above  upon 
piston  C,  while  below  it  there  is  a  rarefied  space,  the  piston  th 
fore  is  in  the  act  of  descending. 

The  condensation  of  the  steam  in  the  cylinder  on  the  one  side  of 
the  piston  takes  places  by  the  latter  being  brought  into  oonnrctioa 
with  the  above-mentioned   condenser;   this  is  the  space  marked 
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^  being  connected  cither  with  the  lower  or  the  upper  part  of  the 
cylinder.     Cold  water  13  constantly   poured  into  the  condenser, 


ria.  475 


and  a  condensation  of  the  Bteani  thus  effected ;  but  by  this  means, 
in  accordance  with  the  principles  illustrated  by  Fig.  472  (page 
450)j  the  force  of  tension  of  the  steam  is  diminished  in  that 
part  of  the  cylinder  which  is  connected  with  the  condenser ;  the 
Bteam  then  passes  from  the  cylinder  into  the  condenser,  to  be 
there  condensed. 

Many  contrivances  have  been  proposed  for  making  the  steam 
enter  the  cylinder  alternately  from  above  and  below,  whilst  the 
■team  escapes  from  the  other  side  of  the  piston  towards  the 
eondenaer.  The  simplest  of  these  arrangements  is  the  cross-cock. 
This  is  perforated,  as  seen  in  Fig.  476.  The  tube  A'  leads  to  the 
boiler,  C  to  tlie  condenser,  O  to  the  upper,  and  U  to  the  lower 
part  of  the  cylinder.     If  the  cross-cock  be  placed  in  the  position 
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Kio.  477.  «*  «*n  »n  ^E'  476,  the  steam  will 
flow  from  the  boiler  into  the  upper 
part  of  the  cylinder,  whilst  its  under 
part  is  connected  by  the  tubc«  U\ 
and  Cf  with  the  eondenser.  When 
the  piston  has  penetrated  iar  into 
the  cylinder,  the  cro8s-coek  i« 
brought,  by  a  half  a  revolution,  into  the  position  seen  in 
Fig.  477.  Now  the  tube«  K  and  U  are  connected,  the  steam, 
therefore,  enters,  racaping  from  the  upper  part  of  the  cylinder 
through  the  tabes  O  and  C  towards  the  condenser ;  now,  then- 
fore,  there  must  be  an  upward  directed  motion  of  the  piston. 

The  cros»-cock  has  not  proved  to  be  applicable  to  Urgor 
engines,  owing  to  the  impossibihty  of  making  the  channels  of  the 
cock  wide  enoiigh  to  admit  of  the  passage  of  the  requisite  qoantitr 
of  8team.  The  slidiui/  valve  is  now  most  generally  made  u^  of,  it 
iff  applied  to  the  engine  we  have  delineated,  and  is  represented  in 
Pigs.  478  and  479,  in  its  two  extreme  positions,  being  drawn  on  a^ 

large  scale.  The  steam  pan 
through  the  tube  Z  to  a  re- 
ceiver, from  which  the  tubes  D 
and  E  lead  to  the  rjlindcr. 
This  receiver  is  divided  into  two 
separate  spaces  by  means  of  the 
si  ide  F,  The  middle  portion 
m  of  the  receiver  ia  quite  shot 
off  from  the  upper  part  a*,  ind 
the  lower  part  a,  whilst  tbf« 
two  spaces  are  themselves  cdq* 
nected  by  the  cavity  of  tfcc 
slide.  The  steam  now  flows  froa 
the  boiler  into  the  space  m^ 
the  spaces  n  and  a  remaimng 
connected  with  the  condenser. 
If  the  sliding  ^tiIvc  have  the 
position  of  Fig.  478,  the  steam 
will  flow  from  m  through  the  communication  E  from  above,  into 
the  cylinder;  while  the  steam  passes  under  the  piston,  throngh 
that  of  D  to  n,  and  from  thenee  to  the  condenser.  If,  however, 
the  sliding  valve  lie  in  the  position  rq>resented  in  Fig.  479,  tbc 
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fteam  will  flow  from  m  through  D  from  below  into  the  cylinder, 
llie  steam  above  the  piston  will  pass  through   E  towards  a'j  and 
from  thence  through  the  sliding  valve  to  a,  and  finally  reach  the 
condenser. 
The  sliding  valve  has  been  repreaented  in  Fig.  480,  as  seen  in 

the  direction  of  Z,  in  order  that  we 
may  form  to  ourselves  a  perfectly 
correct  idea  of  its  construction.  The 
manner  in  which  the  slide  is  drawn 
up  and  down  the  machinCj  w^ill 
presently  be  further  considered. 

The  condenser  T,  Fig.  475,  stands 
in  a  receiver  partly  filled  with  cold 
water,  constantly  flowing  into  the 
condenser  from  an  opening  not  visi- 
ble in  our  figure.  The  quantity  of 
the  water  entering,  may  be  increased 
or  diminished  at  will,  by  means  of 
a  cock.  The  water  is  pumped  out 
of  the  condenser  by  the  pump  K, 
As  is  well  known,  more  or  less  air  is 
always  absorbed  in  all  water,  this  ia 
Liberated  in  the  boiler,  and  passesy 
together  with  the  steam,  through  the 
engine  into  the  condenser.  In  the 
same  manner,  air  will  be  disengaged  from  the  cold  water  flowing 
into  the  condenser.  The  steam  will  become  condensed,  while  the 
air  will  remain  in  a  gaseous  condition.  This  air  would,  by  degrees, 
accumulate  in  the  condenser,  and  thus  prevent  the  creation  of  a 
Tacumn  on  the  one  side  of  the  piston,  if  it  were  not  at  the  same 
time  carried  off  by  the  pump  K,  which  has  on  that  account 
received  the  name  of  an  air-pump. 

By  means  of  this  pump,  the  water  is  carried  from  the  condenser 
into  the  receiver  /?,  froni  which  it  is  almost  entirely  discharged  by 
the  tube  S.  The  heat  which  was  latent  by  the  evajwration  of 
the  water  in  the  boiler,  is  again  liberated  by  the  condensation  of 
the  steam  in  the  condenser ;  this  liberated  heat  raises  the  tempera- 
ture of  the  cold  water  thrown  into  the  condenser  ;  the  water  carried 
through  the  pump  K  towards  R  is  therefore  warm,  on  which  ac- 
count it  ia  more  advantageous  than  cold  water  for  feeding  the  boiler. 
The  water  required  for  the  boiler  passes  through  the  tube  3f  to  a 
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pumpj  which  carries  it  through  the  tube  M\  This  pump,  as  well 
as  the  air  pump,  is  put  into  motion  by  the  engine  itself;  for 
instance,  the  pump  rod  h  is  attached  to  the  beam,  and  ia  raised  u 
the  piston  C  descends,  and  is  pressed  down  as  the  latter  asccudi. 
When  the  piston  of  the  warm  water  pump,  attached  to  the  rod  L, 
rises,  the  suction  valve  t;  opens,  and  at  the  descent  of  the  pifltoo, 
the  valve  n. 

On  the  other  side  of  the  beam^  exactly  behind  /*,  there  is 
another  pump  rod,  through  which  cold  water  is  raised  into  the 
tube  Vf  and  brought  through  V  into  the  receiver  containing  ihc 
condenser. 

Let  us  now  consider  how  the  upward  and  downward  motioD  of 
the  piston  C  is  transmitted. 

The  piston  rod  moves,  air  and  steam  tight,  through  the  stuffing- 
box  in  the  middle  of  the  upper  cover  of  the  cylinders;  being  con- 
nected with  the  end  of  the  beam  by  a  system  of  moveable  rods,  bear- 
ing the  name  of  the  parallelogram.  The  object  of  this  contriYancG 
ia  merely  to  establish  a  perfectly  vertical  motion  of  the  piston  rod, 
which  could  not  be  effected  if  the  rod,  or  handle,  were  fastened 
directly  to  the  end  of  the  balancer;  auice  it  would,  in  that  CMe, 
deviate  alternately  to  the  left  and  right,  and  consequently  w 
affect  the  stuffing-box,  that  the  air-tightness  would  soon 
destroyed. 

The  one  end  of  the  working  beam  is  alternately  drawn  up  and 
down  by  the  piston,  while  its  other  extremity  has  constantly  tn 
opposite  motion ;  that  is  to  say,  when  the  piston  C  risea,  the  right 
arm  of  the  beam  goes  down,  and  vice  versd.  The  upward  and 
downward  motion  of  the  beam  is  constantly  changed  into  a 
circular  motion  by  the  connecting  rod  P,  and  the  crooked  handle 
Q.  The  axis  of  this  handle  is  the  main  axis  of  the  machine 
which  is  to  be  set  in  motion,  and  around  this  axis  moves  the  dj- 
wheel  A". 

The  motion  of  the  piston  C  is  very  irregidar.  As  it  comes  to  a 
state  of  rest  at  the  upper  and  lower  end  of  die  cylinder,  and  then 
reverses  its  motion,  it  is  evident  that  it  cannot  perform  its  oonne 
with  uniform  velocity.  Its  velocity  is  greatest  when  it  paaacs  thfl 
middle  of  the  cylinder,  and  diminishes  the  more  it  approaches 
either  end.  On  considering  the  motion  of  the  handle,  we  shill 
find,  that  with  uniform  velocity  of  revolution,  the  motion  in  a  vcr- 
tica]  direction  is  still  very  changeable.  The  handle  stands  in  t 
horizontal  position  when  the  piston  C  is  in  the  middle  of  tht 
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cylinder,  at  which  moment  the  motion  of  tlic  handle  is  in  a 
▼ertical  direction ;  this  motion  inclinea,  however,  horizontally  when 
the  piston  C  attains  its  highest  or  lowest  position.  The  vertical 
portion  of  the  motion  of  the  handle  is  perfectly  similar  to  the 
motion  of  the  piston^  in  proportion  as  the  motion  nf  the  handle 
be^'omes  more  homontal,  the  velocity  of  the  piston  diminishes, 
without  any  diminution  in  the  velocity  of  the  revolving  action  of  the 
handle. 

The  diameter  of  the  path  traversed  by  the  handle  Q,  is  of 
course  equal  to  the  height  of  the  cylinder,  allowing  for  the 
thickness  of  the  piston,  provided  that  both  arms  of  the  beam 
are  of  equal  length;  the  length  of  the  arm  of  the  handle  Q  is, 
therefore,  equal  to  half  the  length  to  which  the  piston  can  be 
raised. 

The  fly-wheel  X  aervea  to  maintain  uniformity  in  the  motion 
of  the  engine.  Even  if  the  pressure  of  the  steam  upon  the 
piston  were  quite  invariable,  it  could  not  equally  contribute  to 
the  revolution  of  the  handle  in  all  its  positions.  Iiuleed,  we 
may  consider  the  pressure  acting  by  means  of  the  connecting 
rod  P  upon  the  handle,  as  tlividcd  into  forces  at  right  angles  to 
each  other,  the  one  acting  in  the  direction  of  the  handle  itself, 
as  pressure  upon  the  axis  does  not  contribute  to  produce  revolution  ; 
this  is  brought  about  entirely  by  the  force  acting  tangentially  to 
the  curve  of  the  handle.  The  amount  of  these  forces  varies  at 
every  moment.  When  the  arm  of  the  handle  stands  vertically, 
every  pressure  proceeding  from  the  piston  acta  solely  and  alone  aa 
pressure  upon  the  axis  of  the  curved  handle.  If  the  engine 
were  to  be  brought  to  a  stand-still  in  this  position,  the  greatest 
pressure  applied  to  the  piston  would  be  unable  to  set  it  in 
motion ;  the  only  reason,  therefore,  that  the  engine  docs  not  remain 
absolutely  motionless  ou  coming  into  this  position  is,  that  the 
individual  parts  of  the  engine  continue  their  motion  by  virtue 
of  the  inertia,  in  the  same  manner  as  a  pendulum  moves  on  by 
virtue  of  its  inertia  when  arrived  at  its  position  of  rest.  AVben  once 
the  curved  handle  has  passed  its  verticjil  position,  that  portion  of 
tbe  pressure  transmitted  by  P,  and  which  occasioned  the  revolution 
of  the  handle,  is  increased  more  and  more,  and  attains  its  maximum 
when  the  arm  of  the  handle  is  dire<;ted  horizontally.  The  force, 
therefore,  which  turns  the  handle  varies  constantly,  becoming  null 
twice  diuing  one  complete  revolution,  both  when  the  arm  of  the 
handle  attains  its  highest  and  its  lowest  position ;  and,  in  like 
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manner,  it  twice  attains  a  maximnm.  If  we  examine  the  inotit)tt 
produced  by  so  variable  a  force,  we  shall  easily  see  that  it  cm 
only  be  alternately  accelerated  and  retarded.  1£  the  circle  repre- 
sented in  Fig.  481  exhibit  the  path  described  by  the  handle,  wc 
no.  481.  shall  j>erceivc  tliat  an  nceeleration  of  motion  will  tike 
place  from  b  to  d,  because  here  the  raoring  force 
will  act  with  the  greatest  energy.  The.  motion  accu- 
mulated, as  it  were,  in  the  parts  of  the  machine 
must,  however,  diminiah  aa  the  arm  of  the  handle 
moves  from  d  to  f,  beeanse  the  moving  force  faaa  in 
the  mean  time  become  very  weak,  and  even  absolutely  null,  and 
thus  a  retardation  ia  caused  of  motion  by  these  hinderanccs ;  on 
the  way  from  /  to  A  it  is  again  accelerated,  and  again  retarded 
from  h  to  b. 

These  alternations  in  the  motion  of  the  curved  handle  be  m  tltf 
nature  of  things,  and  cannot  be  wholly  avoided.  The  differencei 
between  the  j^reateat  and  the  least  velocity  become,  however^ 
smaller  in  proportion  to  the  magnitude  of  the  inert  mass  to  be 
moved ;  by  means  of  a  sufficiently  large  balance  wheel,  we  may 
render  these  differences  in  the  velocity  of  revolution  no  iDconsid^• 
rably  small,  as  to  exercise  no  further  injurious  influence.  The 
force  acting  on  the  part  from  b  to  d,  and  more  strongly  from  /  to 
k,  cannot  effect  any  marked  increase  of  velocity,  as  it  must  moff  a 
very  considerable  inert  mass  ;  as,  however,  a  considerable  quantity 
of  motion  is  accumulated  in  the  balance  wheel,  the  ilecrcAsc  in  the 
quantity  of  motion,  as  the  handle  passes  from  d'  to  /,  or  from 
b  to  A,  is  not  sufficiently  great  to  occasion  a  perceptible  dbniaii- 
tion  of  velocity. 

The  balance  wheel  thus  equalises  the  irregularity  of  motion 
inherent  in  the  arrangement  of  the  engine.  The  work  which  a 
steam  engine  may  have  to  perform,  be  it  of  what  kind  it  may, 
never  opposes  au  absolutely  uniform  resistance  to  the  moving 
force ;  and  this  would  occasion  irre^darity  in  the  working  of 
the  wh<Je  engine,  were  it  not  otherwise  rendered  uniform  by  the 
balance-wheel. 

As  the  work  to  be  performed  by  the  engine,  that  is,  the  rcais- 
tance  to  be  overcome,  increases  or  diminishes,  the  going  of  the 
engine  will  become  quicker  or  slower.  Momentary'  disturbances 
of  this  kind  will  be  equalised  by  the  balance  wheel,  while  an 
universal  diminution  of  the  resistance  and  the  load  would  be 
followed,  provided  the  afflux  of  steam  remained  the  same,  by  a 


THE   STEAM    ENOINE. 


461 


continually  incrcaBing  acceleration  in  the  motion  of  the  engine. 
In  order  that  the  velocity  may  not  exceed  certain  limits,  a  valve 
mnst  be  attached  to  the  steam  pipcj  in  order  that  the  ingress  of 
steam  may  be  more  or  less  retarded,  according  as  the  valve  passes 
more  and  more  from  the  horizontal  position  (that  of  perfect 
aperture),  to  the  vertical  (that  of  perfect  closure).  The  turning  of 
this  valve  must,  however,  be  effected  by  the  engine  itself,  and 
thia  is  done  by  means  of  an  apparatus  termed  the  regulator, 

A  somewhat  tense  string  t  passes  round  the  rotating  axis  of 
the  balance  wheel  over  a  vertical  wheel  o.  Fig.  •182,  in  such  a 
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manner  that  the  wheel  o  is  made  to  rotate  by  the  revolution  of  the 
principal  axis.  A  vertical  conical  wheel  is  fastened  to  the  axis  of 
the  disc  o,  whose  teeth  work  into  a  similar  wheel  placed  hori- 
sontally,  and  which  is  thus  made  to  rotate  on  its  vertical  axis. 
This  axis  is  prolonged  into  a  rod,  to  the  upper  end  of  which  the 
conical  pendulum  V  is  attached. 
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The  pendulum  V  consists  of  two  heavy  balls  ao  fiwtened  to  Uh 
upper  end  of  the  vertical  rod  that  by  it«  rapid  rotation  the  ball* 
fly  apart,  owing  to  their  centhfufnil  forec.  The  rods  to  whicli  llie 
balls  are  attached  arc  connected  by  means  of  a  nut  h  siurounding 
the  vertical  rod.  The  nut  h  is  raised  up  as  soon  as  the  ballft  fly 
apart  j  and  by  this  motion  of  h  the  angular  lever  r  a  a  \a  turned 
round  the  axis  s,  the  rod  n  b  drawn  towards  the  right  side,  by 
which  the  angular  lever  b  e  d  \b  turned  round  the  axis  e,  and  the 
rod  e  d  thus  finally  drawn  down  ;  but  as  e  is  the  extreme  p<»int  of 
a  lever  arnij  the  rotating  axis  of  which  is  the  axis  round  which  the 
valve  moves  in  the  tube  Z,  the  valve  is  closed  by  this  porat  c 
being  drawn  down.  The  whole  lever  systeai  of  which  we  havr 
been  speaking  here  is  only  represented  in  outline  in  our  Fiipire, 
it  being  placed  on  the  front  side  of  the  engine,  and,  thercfort, 
really  not  visible  from  the  point  of  view  in  our  sectional  delinea- 
tion of  the  engine. 

The  working  of  the  cross -cock,  or  the  raising  and  lowering  of 
the  sliding  valve,  in  short,  the  motion  of  the  apparatus  which 
serves  to  conduct  the  steam  alternately  to  the  upj)er  and  1ow(t 
part  of  the  cyhnder  must  be  effected  by  the  engine  itself.  The 
instrument  by  which  this  motion  is  produced  is  designated  the 
ffovemor. 

The  most  important  external  portion  of  the  governor,  is  the 
eccentric  disc,  indicated  in  our  Fig.  482  by  the  letter  y.  This  u»  i 
circular  metallic  jilatc  fastened  to  the  axis  of  the  fly-wheel,  whose 
central  point  does  not,  however,  correspond  with  tla*  central  ("tmit 
of  revolution,  as  may  be  mure  plainly  seen  in  Fig.  483.     During 
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every  revolution  of  the  axis  the  central  point  of  the  eccentric  disc 
describes  n  circle.  A  ring  passes  around  the  circumference  of 
the  eccentric  disc,  prolonged  towards  the  one  side  into  a  rod, 
whose  end  fits  at  T  into  a  lever  arm  revolving  round  a  fixed  mi*  F. 
The  distance  of  the  centre  of  the  ecccjitric  disc  from  T  xurit^  as 
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the  lever  arm  F  T  pass(«,   and  returns  to  the  position    seen    in 
Fi^.  48^,   during  each  entire  revolution  of  the  main  axisj  the 
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chord  of  the  one  described  in  thia  manner  by  the  point  T  is, 
however,  evidently  equal  to  the  diameter  of  the  circle  described  by 
the  central  point  of  the  eccentric  disc. 

The  axis  of  F  passes  through  the  whole  width  of  the  machine, 
as  may  be  plainly  seen  in  Fig.  485,  where  this  axis  is  represented 

at   its  full   length.     To  this  axis   are 
attached    two    perfectly  equal    and 
^K         ^^^^^'^  parallel  lever  arms  N,  on  either  side 

^^1  ill  ^^  ^^^  receiver^  in  which  the  sliding 

^^1  I       rtf      I  valve  is  inclosed.     Fig.  483  exhibits 

^^1  lh_   W     n J  only    oiie     of    these     in     its     true 

^^P  I  ^^^iH  '  form,    while    both    are    seen    fore- 

■  «.l  BimH  shortened  in  Fie.  485.     To  each  of 

^^L  V^H  I  these  lever  arms  a  vertical   bar  M, 

^^^  I^^^H  I  directed  upwards^   is  seciircd^    being 

^^m  m^k^^  i  connected  at  the  top  by  a  horizontal 

^^B  ■  ^^^H  transverse    bar  Q,  supporting  in  its 

^^P  I   ■   ^H  centre  the  bar  Rj  to  which  the  sliding 

F  /fit  H  f^H  1|\  valve  is  attached.     This  rod   posses, 

I     i2as^BBjj^Hj||a— ^J**   air  and  steam-tight,  through  a  stuff- 
I  l^^l  ing-box    into    the    receiver    of    the 

^^^^K       H^^l  sliding   valve.     The    motion   of   the 

^^^^^     H^^B  lever  N  produces,  by   means  of  the 

^^^^H     ^^^^1  rods   M,   an    alternate    raising    and 

'^^^^^^  lowering   of    the   transverse   rod    Q, 

by  which  the  sliding  valve  is  also  raised  up  and  down. 

Let  us  now  con.sider  the  influence  exercised  by  the  removal  of 
the  condenser.  If  the  steam  act  on  the  one  side  of  the  piston 
with  a  force  of  tension  of  one  atmosphere,  while  the  part  of  the 
cylinder  lying  on  the  other  aide  is  in  connection  with  the  air,  and 
not  with  the  condenser,  the  pressure  of  the  steam  on  the  one  side 
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of  the  piston  will  be  equal  to  the  pressare  of  the  atxnosphcrir  air  on 
the  other  side,  and,  consequently,  there  can  be  uo  mution.  In  ' 
order  to  produce  this,  it  is  iiecessar)'  to  raise  the  force  of  lensiou 
of  the  steam.  Provided  this  hare  been  made  equal  to  thi: 
pressure  of  two  atmospheres,  the  effect  will  be  precisely  the 
same  as  if  there  were  a  vacuum  on  the  one  side  of  the  pirton, 
while  the  steam  pressed  upon  the  other  side  with  the  force  of 
tension  of  one  atmosphere  ;  the  half  of  the  effective  power  of  the 
steam  being  thus  lost  in  overcoming  the  resistance  of  the  air.  If 
the  moving  steam  had  actually  a  force  of  tension  equal  to  3,  -^y  5, 
kc.  atmospheres,  |,  ^j  or  -f,  &c.  of  this  power  would  be  lost  io 
overcoming  the  resistance  of  the  air  if  there  were  no  condenier. 
The  greater,  therefore,  the  force  of  tension  of  the  steam  acdag 
in  the  engine,  the  less  will  be  the  loss  of  power  in  over- 
coming atmospheric  resistance  where  there  is  no  condenser.  If, 
therefore,  the  steam  that  is  to  move  the  engine  has  only  a  fnmi 
of  tension  equal  to  one  atmosphere,  or  but  a  little  more,  a  con- 
denser will  be  indispensably  necessary  ;  if,  however,  the  force  of 
tension  of  the  effective  steam  be  greater,  the  engine  may  act 
without  a  condenser,  the  advantage  of  which  will  diminish  in  pro- 
portion to  the  increase  in  the  force  of  tension  of  the  moving 
steam.  The  resistance  which  has  to  be  overcome  in  the  numng 
of  the  condensing  pump  (air-pump),  exhausts,  howevcTi  also  s 
portion  of  the  power  of  the  steam.  Thus,  at  a  certain  amount  of 
steam  pressure  the  advantages  afforded  by  the  condenser  are 
again  counteracted  by  the  resistance  of  the  air-pump ;  sncl, 
consequently,  in  this  case  it  is  quite  immaterial  whether  or  not 
we  use  a  condenser.  In  engines  worked  by  steam  of  still  stroufitr 
force  of  tension,  the  condenser  is  more  disadvantageous  than 
the  contrary,  and  in  such  apparatus  it  is,  therefore,  wkoBy 
omitted. 

Such  steam  engines  as  are  worked  with  a  condenser  are  called 
iow  pressure  engvies,  while  those  that  have  no  condensers  aii^ 
termed  high  pressure  engines. 

High  pressure  engines  arc  more  simple  in  their  ronstructkft 
than  those  of  low  pressure,  owing  to  the  abse^ice  of  a  condcnsr 
and  air-pump,  and  the  former  may  be  used  of  much  smaller 
dimensions  than  the  latter,  and  yet  produce  the  same  result  j  for 
the  conibine<l  pressure  of  steam  having  a  force  o{  tension  equal  to 
4  atmospheres  acting  upon  a  surface  of  1  square  foot,  is  as  gnat 
as  the  combined  pressure  of  steam  with  a  force  of  tension  equal  to 
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1  atmosphere  acting  upon  a  surface  of  4  square  feet.  From  these 
causesj  high  presaure  engines  are  used  wherever  it  is  desirable  lo 
use  an  engine  of  considerable  force  in  a  small  compass. 

One   of  the  best  known  and   most   interesting  high  pressure 
engines    is    the    Locomotive    used    on  railroads.     See  Fig.  486. 
A  is  the  furnace  :  the  fuel  la  tbro^'n  upon  the  grate  through  tbe 
opening  a,  which  may  be  closed  by  a  door.     There  is  no  escape  for 
the  heated  air  from  the  furnace,  excepting  through  a  series  of 
horizontal  tubes^  leading  from  A  to  D ;  from  D  the  heated  air 
passes  with  the  smoke  out  at  the  chimney.     In  Fig.  487  we  see 
how  these  tubes  be  above  and  beside  each  other-     These  tubes  are 
carried   through   a   space   filled   with   w^atcr,    besides  which   tk 
furnace  itself  is  enclosed  on  all  sides  by  water.     From  the  eitra- 
ordinarily  large  surface  with  which  the  water  is  in  tliis  manner 
brought  into  contact,  a  considerable  quantity  of  ateam  is  formed 
at  every   moment.    Tbe  steam  ia    collected  over  the  water  in 
the  space  marked   B  and    C;  and  from   C  it  is  carried  through 
the  tube  c  to  the  cylinder.     If  the  mouth  of  tbe  tube  c  were 
situated  very  low  down,  a  large  quantity  of  water  would  by  the 
violent  boiling  be  mechanically  carried  into  the  tube  c,  and  from 
thence  into   the  cylinder.      To  prevent  this,  the  steam  chamber 
at   C  is  elevated.     The  tube  c  soon  branches  off  into  two  tubex 
d  and  d',  as  may  be  plainly  seen  in  Fig.  489.     In  Fig.  488  there 
ia  only  one  of  these  tubes  visible,  m,  d.     Each  leads  to  a  receiver 
i,  from  which  the  steam  enters  the  cylinder  F.     On  either  side 
lies  a  cylinder  as  seen  in  Fig.  489 ;  Fig.  488  exhibits  only  one,  vii., 
the  front  one  of  these   cylinders.     It  is  represented   lengthwisr 
here,  the  surface  of  the  section  does  not,  however,  correspond  with 
the  whole  of  the  remaining  figiire,  but  \ie»  in  front  of  it.     The 
cylinders  lie  horizontally,  and  the  piston,  together  with  the  pistOTi 
roda,  passes  backwards  and  forwards  in  a  horizontal  position.    Two 
passages  run  to  either  end  of  the  cylinder  from  the  receiver  t,  tn 
which  the  steam  is  conducted  by  the  tubes  e  and  d.     On  the 
lower  side  of  the  receiver  i,  a  slide  moves  backwards  and  forwards, 
and  forms  at  tlie  middle  a  box  o  which  opens  downwards.     The 
position   indicated   in  Fig.  486  shows  both   passages  cloaed  bj 
means  of  this  slide.     If  we  suppose  this  to  be  so  far  moved  to 
the   left,  that   the    passage  to  the   left  instead  of  bemg   closed, 
opens  into  the  cavity  o,  that  to  the  right  will  be  brought  into 
connection  with  the  steam  reservoir  i;  in  this  position  of  the  slide 
the  steam  will  enter  on  the  right  side  into  the  cylinder  F,  and, 
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consequently,  drive  the  piston  to  the  left,  whilst  the  itetm  wiH 
pass  from  the  left  aide  of  the  piston  through  the  passage  to  the  left 
into  the  box  o,  and  from  thence  to  the  chimney  through  the  tubes 
p  and  q.  If,  however,  the  slide  were  pushed  to  the  fullest  extreme 
towards  the  right,  the  steam  would  flow  from  t  through  the  passa^ 
to  the  left  into  the  cylinder,  escaping  on  the  other  side  to  the  right 
through  the  passage  into  the  box. 

The  piston  rod  is  secured  by  so-called  connecting  rodg,  that  is,  it 
is  prevented  by  this  means  from  deviating  from  its  course,  and  it 
thus  only  able  to  pass  to  and  fro  in  the  same  straight  line.  To 
the  piston  rod  is  immediately  attached  the  driving  rod,  whici 
turns  the  crank  n  round  its  axis  m.  The  middle  wheels  of  the 
engine  are  also  fastened  to  the  axis  m,  so  that  by  each  movement  of 
the  piston,  a  complete  revolution  of  the  wheel  is  effected ;  thus,  at 
every  forward  and  backward  movement  of  the  piston,  the  engine  ii 
propelled  a  distance  equal  to  the  circumference  of  the  middle 
wheels. 

To  this  axis  m  is  likewise  attached  the  eccentric  disc,  by  which 
the  slide  in  the  receiver  t  is  moved.  As  may  be  seen  in  our 
Figure,  the  x  shaped  extremity  of  the  rod  fastened  to  the  ring 
of  the  eccentric  disc  grasps  the  upper  part  of  the  lever,  whom 
fcdcrum  is  at  8,  By  the  motion  of  this  leverj  the  bars  / 
fastened  to  it  arc  moved  to  and  fro,  and  with  them  the  slide. 

By  the  raising  of  the  lever  iV,  the  x  shaped  extremity  of  the 
bar  is  pressed  down,  and  a  retrograde  motion  thus  imparted  to  the 
locomotive,  but  here  we  must  end  oui'  description,  as  we  are 
unable  to  pursue  it  in  detail.  H  and  L  are  safety  valves,  /  t« 
the  steam  whistle. 

The  effect  which  a  steam  engine  is  capable  of  producing,  that  it, 
the  power  of  the  machine,  depends  upon  the  quantity  of  water 
which  in  a  given  time  can  be  converted  into  steam  in  the  boiler; 
let  us,  therefore,  examine  into  the  action  which  a  litre  of  water 
can  produce  when  converted  into  steam.  If  we  assume  that  thr 
surface  of  the  piston  is  1  square  decimetre,  and  the  height  of  the 
cylinder  (the  height  to  which  the  piston  can  be  raised)  i* 
10  decimetres,  the  contents  of  the  cylinder  will  be  10  cubic 
decimetres,  or  10  litres ;  in  order,  therefore,  to  drive  the  piston  to 
the  top,  10  litres  of  steam  nxust  pass  from  the  boiler  into  thf 
cylinder.  If  now  the  steam  has  a  force  of  tension  equal  to 
1  atmosphere,  the  pressure  exercised  upon  every  square  centi- 
metre of    the  surface   of   the   piston    is    about    1    kilogramme, 


THE    LOCOMOTIVE.  469 

and  the  combined  pressure  upon  the  whole  piston^  consequently, 
100  kilogrammes;  if^  therefore^  tht;re  existed  no  iuipcdiuieuts  to 
motion^  we  might  load  the  piston  with  100  kilogrammes,  and  thia 
weight  would  be  Uftctl  10  decimetres,  if  we  conducted  10  litres  of 
■team  at  100'^  into  the  cylinder.  The  effect,  therefore,  that  can 
be  produced  by  10  litres  of  steam  at  100"^  is  capable  of  raising 
100  kilofH'ammea  to  the  height  of  10  decimetres,  or  of  raising 
1000  kilogrammes  to  a  height  of  1  decimetre.  A  litre  of  water 
yields,  however,  1700  litres  of  steam  at  100^;  with  1  litre  of  water, 
therefore,  when  converted  into  steam,  we  may  produce  an  cflFect 
capable  of  raising  1 70,000  kilogrammes  to  the  height  of  1  decimetre. 

In  order  the  better  to  calculate  the  power  of  an  engine,  it  is 
usual  to  compare  them  with  horse-power.  If  we  assume  that  one 
horse  is  able  to  raise  750  kilogrammes  to  the  height  of  1  deci- 
metre in  one  second  of  time,  (the  best  observations  on  the  labour 
of  horses,  and  the  profitable  application  of  their  powers,  yield 
B  result  equivalent  to  the  above-named),  we  should  say,  that  an 
csigine,  in  which  sufficient  steam  was  formed  every  second  to 
raise  750  kilogrammes  to  the  height  of  1  decimetre,  (or  534  lbs. 
to  the  height  of  1  foot,)  was  a  one-horse  power  engine. 

But  the  steam  obtained  from  1  litre  of  water  will  be  capable  of 

raising  170,000  kilogrammes  to   the  height  of  1  decimetre ;   if, 

therefore,  1  litre  of  water  be  converted  into  steam  in  the  boiler 

1 70  000 
in      ^1       J  consequently  in  226  seconds,  the  total  effect  which 

the  steam  in  this  engine  can  produce^  is  equal  to  one-horse  power. 
A  marhine  of  this  kind  consumes,  therefore,  about  15  Utres  of 
water  in  an  hour. 

AU  the  mechanical  power  of  steam  cannot,  however,  be  reckoned 
as  available.  Much  is  lost  owing  to  the  piston  not  acting  in  an 
absolute  vacuum,  to  the  friction  of  the  piston  to  be  overcome,  and 
the  number  of  pumps  that  must  be  set  in  motion,  &c.  All  these 
resistances  diminish  the  available  effect  of  the  machine  to  almost 
the  half  of  the  calculated  power. 

Great  advantage  has  been  obtained  in  the  high-pressure  engines 
by  the  application  of  the  expansion  of  the  steam  in  the  cylinder, 
which  is  effected  by  cutting  off  the  afflux  of  steam  from  the 
boiler  into  the  cylinder,  when  the  piston  has  traversed  i,  or 
i,  &c.,  of  its  course.  That  a  greater  effect  can  be  produced  with 
an  equal  expenditure  of  steam  by  the  application  of  the  principle 
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of  cxpunsiuii,  may  be  perceived  by  the   foUovring  simple  coaaid^* 
ratious. 

IC,  duriiif^  the  whole  time  in  which  the  piston  is  rising,  stctm 
pours  into  the  steam  cylinder,  (aa  i»  generally  the  caue  in 
ordiuan,'  engines),  haxing  a  power  of  tension,  which  we  will 
assume  to  be  equal  to  2  atmosphere*,  the  whole  cylinder,  when  the 
piston  is  quite  raisicd,  will  be  tilled  with  steam  having  m  power 
of  tension  equal  to  2  atmospheres;  and  during  the  time  the  piston 
is  being  rai.scd,  there  will  be  a  mechanical  effect  produced^  whicli 
we  will  designate  as  E. 

If  now  we  suffer  steam  of  double  the  force  of  tension,  that  is, 
eq\ial  to  4  atmospheres,  to  enter  the  cylinder,  the  pressure  against 
the  piston  will  be  twice  as  great,  and  the  mechanical  effect  R 
will  be  produced  when  the  piston  is  only  half  raised ;  that  is, 
when  it  reaches  the  middle  of  the  cylinder.  If  at  this  moment 
the  further  afflux  of  steam  to  the  cylinder  be  prevented,  the 
piston  will  continue  the  rest  of  its  course,  whilst  the  pressure 
acting  upon  it  will  dimiuiah  by  degrees  to  the  half;  and  when  it 
reaches  the  end  of  its  course,  the  force  of  tension  of  the  steam 
will  still  be  equal  to  2  atmospheres. 

Since  during  the  tirst  half  of  the  ascent  of  the  piston,  the 
mechanical  effect  E  is  already  produced,  then  the  whole  effect 
which  the  steaui  produces  daring  the  second  half  of  the  piston'i 
ascent  while  so  expanding,  that  its  tension  diminishes  from  4  to  2 
atmospheres,  may  be  considered  as  gain ;  for  the  quantity  of 
steam  tilling  the  cj'liuder  at  the  close  of  the  piston's  modoD  is 
precisely  as  large  as  if  steam  hanng  a  force  of  tension  of  8 
atmospheres  had  dowed  in  while  the  pieton  was  completing  its 
motion. 

The  steam  is  generally  cut  off  by  means  of  a  special  expan- 
sion-slidc.  In  ordinary  machines  the  steam  flows  from  the  boiler 
directly  into  the  chambcrj  in  which  the  sliding  valves  move,  to 
admit  of  the  entrance  of  the  steam,  tirst  to  the  one  and  then  to  the 
other  side  of  the  piston ;  we  will  call  this  chamber  a. 

In  expansion  engines  there  is  usually  in  front  of  this,  another 
chamber,  b:  in  the  plate  between  b  and  a  there  is  an  opening, 
through  which  the  steam  passes  from  b  to  a;  this  opening  eaa 
be  closed  at  the  proper  times  by  a  second  slide  at  b.  The  motion 
of  this  expansion-slide  is  effected  by  a  properly  placed  eccentric 
disc  in  the  same  manner  as  the  motion  of  the  sliding  valves. 
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The  conversion  of  fluids  into  gaseous  bodies  13  commonly  termed 
evaporation.  Liquids  can  tither  be  evaporated  by  boiling,  when 
vaponrs  are  formed  throughout  the  whole  mass,  or  by  exhalation^ 
when  the  formation  of  vapour  is  limited  to  the  surface  of  the 
liquid. 

On  observing  the  boiling  of  a  liquid,  we  generally  see  a  more  or 
IcM  energetic  motion  penading  all  the  particles ;  but  if  the  liquid 
be  boiled  in  a  glass  vesselj  we  may  observe  bubbles  of  steam 
formed  at  the  wanner  sides  of  the  vessel  and  rise  to  the  top. 
Although  at  first  small,  they  soon  increase  in  volume  as  they  rise. 
The  bubbles  succeed  each  other  most  rapidly  at  the  hottest  parts 
of  the  side.  In  order  that  bubbles  may  be  formed  in  the  liquid, 
which  exercises  a  pressure  upon  them  from  all  sidesj  the  steam 
expanding  them  must  have  a  force  of  tension  equal  to  the  pressure 
surrounding  them.  The  first  condition  of  boiling  is,  therefore, 
that  the  temperature  be  sufficiently  high  to  enable  the  force  of 
tension  of  the  steam  to  sustain  the  pressure  acting  from  all  sides 
upon  the  bubblt»s  of  steam.  A  second  condition  is,  that  sufficient 
heat  be  present  to  be  absorbed  as  latent  heat  during  the  formatioD 
of  steam. 

From  the  first  condition,  it  follows  that  the  boiling  point  of  a 
liquid  varies  with  the  pressure  on  it ;  and  from  the  second,  that 
the  rapidity  of  boiling  depends  on  the  amount  of  heat  which  can 
be  conveyed  in  a  given  time  through  the  sides  of  the  vessel  to  the 
liquid. 

At  the  level  of  the  sea,  and  at  the  mean  pressure  of  760°*"", 
pure  water  boils  at  lOO'' ;  on  the  summit  of  Mont  Blanc,  at  an 
elevation  of  4775  meters,  where  the  pressure  of  the  atmosphere 
amounts  only  to  417°"",  water  boils  at  a  temperature  at  which  the 
force  of  tension  of  Hteam  is  417"";  that  is,  at  about  84".  At 
still  greater  elevations,  water  would  boil  at  lower  temperatures. 
If  we  have  a  table  of  the  force  of  tension  of  the  vapour  of  ■ 
liquid,  we  may  easily  find  the  temperature  of  the  boiling  point 
at  a  given  pressure;  for  it  is  the  same  degree  of  temperature 
at  which  the  force  of  tension  of  the  saturated  vapour  is  equal  to 
that  pressure.  "We  may,  conversely,  bring  a  liquid  at  any  given 
temperature  to  the  boiling  point,  by  sufficiently  diminishing  the 
pressure. 

At  a  preasm-e  of  30""",  for  instance,  the  boiling  temperature  of 
water  is  30**,  because  at  this  temperature  the  force  of  tension  of 
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the  saturated  steam  ih  30"*"*.     Under  a  pressure  of  lO"*"  water 
boils  at  11",  aud  under  a  pressure  of  5°*™  at  (y*. 

The  truth  of  these  data  may  be  shown  by  experimeut.  Water  it 
30*^  must  be  put  in  a  glass  vessel  under  the  exhausted  receiver  of 
the  air-pump :  after  a  few  strokes  of  the  piston  the  barometer  guige 
will  shew  a  pressure  only  of  30**^,  and  the  boiling  will  then  begin 
with  the  same  energy  as  if  the  water  stood  in  the  open  air  over  a  hot 
fire.  This  boihng,  however,  will  soon  cease,  because  the  receiver 
will  be  filled  with  steam,  which  will  press  upon  the  liquid; 
another  stroke  of  the  piston  will  soon  remove  this  steam,  and  cauic 
the  boiling  to  recommence.  It  is  not  possible  in  our  air-pumps 
to  make  watei*  boil  at  0^,  as  no  rarefaction  of  50™°  can  be  pr«v 
ducedf  owing  to  the  continual  re-formation  of  steam  on  the  surlace 
of  the  water. 

In  the  apparatus  seen  in  Fig.  490,  we  observe  an 
•fio.  490.         but   Still   more    striking   phenomenon.     A 

with  a  long  neck  a  is  half  filled  with  water ;  when, 
by  the  boiling  of  the  liquid  all  the  air  has 
driven  out,  the  neck  is  closed  by  a  cork,  and 
boUoon  inverted,  as  seen  in  Fig.  490.  When  left  to 
itself  we  perceive  no  ebulhtion,  but  as  soon  as  cold 
w^ater  is  poured  upon  the  part,  the  water  begins  to 
boil  with  energy.  This  is  owing  to  the  steam 
being  condensed  in  the  upper  part  of  the  baUoon, 
and  the  pressure  on  the  liquid  being  thus  dimi- 
nished. 

The  variations  in  the  boiling  ])oint  have  been 
confirmed  by  direct  experiments  made  at  elevated  districts  in  the 
Alps,  the  Pyrenees,  and  other  mountain  ranges. 

Boiling  water  is  consequently  not  equally  hot  at  all  places  on 
the  earth,  and,  therefore,  not  everywhere  alike  appUcable  to  domestic 
purposes,  and  the  preparation  of  food.  At  Quito,  for  '"»**'"*| 
water  boils  at  90^^,  and  this  tcmiKrature  is  too  low  for 
many  substances  which  require  a  temperature  of  100^. 

Ah  the  barometer  constantly  varies  at  one  and  the  same  plae? 
it  follows  that  the  boiling  point  varies  also. 

If  we  increase  the  pressure  on  fluids,  we  find  that  their  ebullitioD 
is  retarded,  and  we  may  even  prevent  this  entirely  if  we  make  the 
pressure  sufiicicutly  strong.  This  is  the  case  wiUi  the  apparabtt 
known  by  the  name  of  Papin's  Digeaior,  see  Fig.  491.    By 
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this,  wat^r  may  be  heated  to  a  very  high  tempera- 

rture  without  boiling.  The  apparatus  consists  of 
a  cylindrical  vcsm*!  of  iron,  or  still  better,  of  brass 
or  copper,  the  sides  of  which  are  capable  of  sus- 
taiuing  a  very  considerable  degree  of  pressure. 
The  opening  is  provided  with  a  Mifety-valve,  which 
can  be  closed  and  loaded,  so  that  it  uhall  require 
a  pressure  of  from  40  to  50  atmospheres  to  raise 
it.  Boiling  ia  rendered  impossible,  as  the  steam 
which  is  above  the  liquid  is  unable  to  escape,  and 
consequently  exercises  a  sufficiently  strong  pressure  to  prevent  it. 
As  aoon  as  the  valve  is  opened,  the  steam  issues  with  great  force ; 
the  temperature  of  the  vessel  falls,  howe\'cr,  simultaneously,  as  all 
the  heat  which  had  been  combined  is  given  off  at  once  by  the 
energetic  formation  of  steam. 

This  digestor  was  invented  in  the  middle  of  the  17th  century  by 
Papin,  a  learned  man,  residing  at  Marburg  and  Cassel.  It  served 
for  a  number  of  remarkable  experiments,  partly  to  prove  the 
mechanical  force  of  steam,  and  partly  to  show  the  solvent  force  of 
water  when  heated  above  100".  People  learnt  with  astonishment 
that  as  nutritious  a  substance  might  be  drawn  from  bones  aa  from 
the  moat  juicy  portions  of  the  muscle. 

On  causing  water  to  boil  in  a  vessel  from  which  the  steam  can 
only  escape  through  a  proportionately  small  opening,  we  observe 
an  elevation  of  the  boiling  point.  iVll  the  steam  that  has  been 
formed  by  the  heat  passing  every  moment  into  the  liquid  can  only 
escape  through  a  small  openings  if  a  greater  rapidity  of  motion 
has  been  imparted  by  the  greater  force  of  tension  of  the  steam. 

Not  only  the  steam  pressing  upon  the  surface  of  a  bquid  mass, 
but  likewise  the  weight  of  the  column  of  liquid  acts  upon  the  par- 
ticles in  the  interior.  If,  for  instance,  we  had  a  boiler  tilled  to  a 
height  of  32  feet  with  water,  a  pressure  of  2  atmospheres  would 
act  upon  the  bottom,  and  here,  consequently,  steam-bubbles  would 
be  formed  at  a  temperature  of  121,4^.  But  as  the  temperature  of 
the  liquid  mass  on  the  surface  cannot  rise  above  100",  the  liquid 
will  constantly  ascend  from  the  bottom,  owing  to  its  lesser  specitic 
weight.  As  the  pressure  decreases  with  the  ascent,  steam-bubblea 
are  formed;  but  their  temperature  decreases,  however,  from  121" 
to  100".  These  bubbles,  which  are  formed  at  the  bottom  of  the 
I  vcsk),  increase  in  sise  as  they  rise,  owing  to  the  pressure  acting 
I      upon  them  becoming  continually  less.     These  phenomena  may  be 
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observed  even  in  small  vessels,  in  which  the  water  only  amonntfi  lo 
a  few  inches  in  depth.  Before  perfect  ebullition  has  been  e»t»- 
blished^  bubbles  of  steam  are  formed  at  the  bottom ;  which,  bow- 
ever,  arc  condensed  on  their  ascending,  owing  to  their  entering 
layers  of  water  whose  temperature  is  too  low.  Hence  arises  the 
j»eouliar  sound  which  we  perceive  some  minutes  before  perfect 
boiling  has  commenced.  On  making  the  experiment  in  a  gl«M 
bulb,  wc  may  observe  how  bubbles  are  formed  at  the  bottom,  bow 
they  ascend^  and  then  disappear;  and  wc  then  say  the  water li^l 
This  singing  is  a  sign  that  the  water  will  soon  be  in  a  atafll 
perfect  ebullition. 

Boiling  is  likewise  retarded  by  substances  which  are  dissolved  io 
the  water ;  thus  a  satiuuted  solution  of  common  salt  brine  hoik  st 
108,4®,  a  solution  of  saltpetre  at  116",  a  saturated  solution  of  ace- 
tate of  potass  at  169**,  of  nitrate  of  ammonia  at  18<>*. 

Evaporation  is  the  term  applied  to  the  formation  of  vaponr  on 
the  free  surface  of  a  liquid;  whilst,  as  we  have  seen,  ebulliiiat 
consists  in  vapour  being  formed  in  the  interior  of  the  liquid  mass. 
Water  evaporates  from  the  surface  of  riversj  lakes,  and  seas,  and 
the  surface  of  the  damp  ground  and  plants.  The  vapo\ir  has  here 
evidently  too  inconsiderable  a  force  of  tension  to  overcome  tbe 
pressure  of  the  atmosj>hcric  air.  Daily  observation  shows  n% 
that  vapour  is  formed  at  o'cry  degree  of  temperature,  and  that  it 
distributes  itself  through  the  air  even  at  the  weakest  degree  of 
tension.  Jt  was  formerly  assumed  that  a  chemical  affinity  existed 
between  the  molecules  of  the  air  and  those  of  vapour  was  tbt 
cause  of  this  phenomenon  ;  we  have  seen,  however,  that  there  is  no 
need  of  having  recourse  here  to  chemical  forces.  The  steam  of 
water,  be  its  force  of  tension  ever  so  inconsiderable,  mixes  with  the 
air  the  same  as  two  gases  mix.  The  only  condition  neeessarv,  there- 
fore, for  the  evaporation  of  a  liquid  is,  that  the  surrounding  layers 
of  air  be  not  saturated  with  vapour ;  us  further,  in  the  mixture  of  two 
gases,  the  molecules  of  the  one  form  a  mechanical  impediment  to 
the  distribution  of  those  of  the  other,  the  air  acts  as  a  hiuderance 
in  evaporation  to  the  rapid  dispersion  of  the  vajjour.  In  a  per- 
fectly calm  atmosphere,  therefore,  evaporation  goes  on  very  slowly, 
whilst  it  protases  rapidly  in  an  agitated  state  of  air,  the  liquid 
then  conies  continually  into  contact  with  new  layers  of  air,  that  are 
not  saturated  with  vapour.  Hence  it  happens  that  water  evaporates 
very  quickly  when  a  dry  wind  is  in  rapid  motitm. 

Latent   heai  of  vapours, — "When   a   liquid  evaporates,  it  must 
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rb  heat ;  this  absorbed  heat  is  as  imperceptible  to  the  feelings 
ind  the  thernionifttr  as  the  heat  which  becomes  latent  by  fusion. 

That  heat  x»  latent  in  the  formation  of  vaimor^  is  proved  by 
he  teiuperatun*  of  the  liquid  remaining  unchanged  during  ebulli- 
lon.  The  temperature  of  boiling  water  remains  at  10(y*,  however 
uuch  we  may  increase  the  tire ;  all  the  heat  which  is  added  to  the 
boiling  water  serves  only  to  convert  water  at  100'^  into  steam  at 
100". 

The  absorption  of  heat  during  the  evaporation  of  liquids  may 
tasiiy  be  rendered  perceptible  to  the  feelings.  On  pouring  but  a 
few  drops  of  an  easily  evaporable  Uquidj  aa  spirits  of  wine, 
sulphuric  ether,  &c.,  upon  the  hand,  we  experience  a  sensation  of 
cold  because  the  hand  has  been  deprived  of  the  heat  drau^  away 
for  the  evaporation  of  the  liquid.  If  we  surround  the  bulb  of  a 
thermometer  with  cotton  wool,  and  then  moisten  the  latter  with 
•sulphuric  ether,  the  thermometer  will  fall  several  degrees. 

After  having  learnt  to  know  the  manner  in  which  heat  becomes 
htent  in  the  formation  of  vapour,   it  remains  to  determine  the 
tmonnt   of  this   heat ;    that  is,    to   usc<^rtain   how  much  heat  is 
Heoesttry  to  convert  a  definite  quantity  of  a  liquid  into  vapour. 
Pig.  492   represents  a  glass  bulb  a,  in  which  water  is  kept 

boiling  by  means  of  a  spirit  lamp ; 
if  now  the  va[>our  formed  be  con- 
ducted through  a  glass  tube  d  into 
a  cylindrical  vessel  c  filled  with  cold 
water,  the  vapour  here  will  be  con- 
densed, and,  consequently,  the  heat 
which  was  absorbed  at  a  in  the 
formation  of  vapour  will  be  again 
liberated  at  c ;  the  cold  water  at  c  will 
be  thus  gradually  warmed,  and  from 
the  elevation  of  temperature  thus  pro- 
duced, we  may  determine  the  amount  of  the  latent  heat  of  vapours. 
If  we  aasume  that,  after  ebullition  has  been  going  on  for  some 
time  in  the  vessel  a,  all  the  air  has  been  wholly  expelled,  and  the 
end  of  a  crooked  tube  be  then  plunged  into  the  cold  water  of  the 
cylinder  c,  all  the  bubbles  of  vapour  will  at  once  be  condensed  as 
they  come  into  contact  with  the  cold  water.  In  proportion,  how- 
ever, as  the  water  becomes  warmer  in  c,  the  bubbles  will  likewise 
become  larger,  until  finally,  even  if  the  water  at  c  be  heated  to  the 
boiling  point,  the  bubbles  will  rise  uncondenscd  through  the  whole 
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mass  of  liquid,  and  a  state  of  ebullition  be  established  at  c.  At  the 
moment  in  which  ebullition  begins  at  c,  the  experiment  will  be 
interrupted  by  our  removiuf^  the  glass  cylinder  c. 

Provided  now,  that  there  had  been  11  cubic  inches  of  water  at  (f 
wto.  493.  at  the  be^;inning  of  the  experiment, 

the  cylinder  at  the  close  of  the  expoi* 
ment  would  have  contained  13  cubic 
inches  of  water  at  100'',  2  cubic  inches 
of  water  having  been  thus  added. 
This  additional  water  has  now  beat 
evaporated  in  the  veasel  a,  and  agxia 
condensed  in  the  cylinder  c;  the 
latent  heat  which  was  combined  in  a 
has  become  liberated  in  c,  and  has 
heated  the  1 1  cubic  inches  of  water 
from  (3P  to  lOO'' ;  the  same  amount  of  heat,  therefore,  which  has  been 
absorbed  by  the  evaporation  of  2  cubic  inches  of  water  was  suffi- 
cient to  raise  the  temperature  of  the  1 1  cubic  inches  of  water  from 
0"  to  lOO'*,  But  now  2  arc  to  11  aa  1  to  5,5,  and  we  may  therefore 
express  the  result  of  our  experiment  in  the  following  manoer: 
The  amount  of  heat  necessary  to  convert  a  definite  quantity  of 
water  from  100^  into  steam  at  100^,  suffices  to  raise  the  tempcfa- 
tiire  of  a  mass  of  water  54  times  greater,  from  OP  to  100°. 

We  have  already  stated,  that  for  the  unit  of  heat,  that  quantity 
of  heat  is  assumed  which  is  requisite  to  raise  the  tempcratuir  of 
lib.  of  water  P;  to  raise  the  temperature  of  S^lbs.  of  water  to  the 
same  amount,  5,5  are  therefore  necessary,  and  550  such  units  of 
heat  to  raise  the  temperature  of  this  mass  100*^. 

The  latent  heat  of  lib.  of  steam  is  consequently  equal  to  550. 
The  above  given  experiment  is  not  calculated  to  determine  the 
kitcnt  heat  of  steam,  affording  always  more  or  less  incorrect  rcsulta. 
It  is,  however,  well  adapted  to  show  the  connection  of  the  matter. 
The  reason  of  the  special  want  of  accuracy  attending  the  rcaolts 
of  this  experiment  is,  that  at  the  high  temperature  to  which  water 
must  be  raised  in  the  c}'linder  c,  a  considerable  loss  of  heat  is 
experienced  by  all  that  surrounds  it ;  a  not  inconsiderable  amount 
of  steam  is  condensed  in  the  tnbe^  giving  off  to  the  air  heat  that  if 
set  free,  and  which  comes  to  the  cylinder  e  as  water.  Wc  m«j, 
therefore,  easily  understand,  that  until  the  water  in  c  is  made  to 
boil,  more  water  will  pass  over  from  the  vessel  a  than  would  be  the 
caae  if  these  two  sources  of  error  were  not  present ;    hence  thi* 
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triment  is  of  little  value  in  giving  the  latent  heat  of  ntcatn. 
We  cannot  here  enter  more  fully  into  the  consideration  of  the 
more  precise  methods  in  use  for  aacertaining  this  amount. 

In  distillation,  the  vapours  formed  in  any  vessel  by  heat  are 
conducted  into  a  pipe  surrounded  by  cold  water,  and  the  vapour 
is  converted  into  a  liquid  state;  the  temperature  of  the  cold 
vrater,  is,  however,  considerably  raised  in  the  heat  liberated 
by  the  condensation  of  the  vapour.  This  may  be  easily  shown  by 
naeans  of  a  small  still,  (Fig.  494),  in  which  the  vapour  is  conducted 
from  the  glass  bulb  in  which  it  is  formed,  into  a  straight  tube, 
ptmipg  through  a  wider  one^  which   contains  the  cold  water. 


no.  495. 


The  cold  water,  which  enters  the  condensing  tube,  flows  forth 
from  the  other  end  heated.  In  distillations  conducted  on  a  large 
•cale,  the  tube  in  which  the  vapour  is  condensed  has  the  form  of  a 
helix,  and  is  conducted  through  the  vessel  filled  with  the  cold 
water,  as  seen  in  Fig-  495,  in  order  that  the  vapour  may  remain  as 
long  as  possible  in  contact  with  the  cold  water,  and  that  we  may 
be  quite  sure  that  no  vapour  will  escape  from  the  open  end  of  the 
tube  in  an  uncondcnscd  state.  VVhcn  an  apparatus  of  this  kind 
has  been  in  operation  for  some  time,  we  shall  always  find  the 
upper  layers  of  the  water  in  the  rcfrigcmtor  very  hot,  owing 
to  the  heated  water  constantly  rising  to  the  surface. 

We  might  determine  the  value  of  the  latent  heat  of  vapours 
by  any  distillatory  apparatus,  if  it  were  possible  every  time  accu- 
rately to  calculate  the  amount  of  vapour  condensed  in  a  given 
time,  and  the  quantity  of  beat  yielded  by  it  to  the  cold   water ; 
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in  order,  therefore,  accuntcly  to  determine  the  latent  beat  U 
vapours,  it  ia  only  necessary  to  constnict  an  apparatus  iu  Ruch  a 
manner  as  to  enable  us  to  obtain,  these  amounts  with  exactitudr. 
According  to  this  principle  the  latent  heat  of  the  vapours  <rf 
different  liquids  has  been  Bscertained.     Thus  — 

The  latent  heat  of  stcaiu  ia  540 

„       vapour  of  alcohol  214 

„       Sulphuric  ether  90 

That  ia  to  say^  in  order  to  convert  lib.  of  these  liquids  into 
vapour  under  the  pressure  of  one  atmosphere  540,  214,  or90timei 
as  much  heat  is  combined  as  is  necessary  to  raise  the  tcmpentmv 
lib.  of  water  P. 

The  latent  heat  of  vapours  is  not  the  same  for  all  temperaturei, 
being  greater  for  low,  and  less  for  high  temi>eratures. 

Production  of  cold  by  evaporation. — If  a  liquid  boil  iu  the  open 
air,  it  will  retain  a  constant  temperature,  owinp  to  it«  comttaotlj 
receiving  as  much  heat  through  the  sides  of  the  vessel  as  i» 
absorbed  by  the  formation  of  vapour.  But  when  ebuDitioD 
goes  on  under  the  air-pump,  the  temperature  continiially  fslk 
because  the  vapour  withdraws  from  the  fluid  it»elf,  aod  fnffli 
the  surrounding  bodies,  the  latent  heat  necessar}'  to  its  formatioQ. 
The  following  experiments  may  be  explained  by  the  absorpODU 
of  heat  which  takes  place  in  rapid  eva[)oi*ation. 

Freezing  of  water  in  a  vacuum. — We  place  under  the  receiver  of 
the  air-pump  a  broad  glass  dish  filled  with   siilphuric  acid.    A 
few  inches  above  it  is  a  thin  dat  metallic  capsule  as  seen  in  Fiif> 
no  496  "^^f  containing  a  few  grammes  of  water.    TTitf 

capsule  is  generally  suspended  by  three  threads, 
or  is  made  to  rest  upon  three  tine  metallic 
feet,  which  stand  upon  the  edge  of  the  lower 
glass  vessel.  A  few  minutes  after  the  air  has 
been  as  much  as  possible  exhausted,  we  sec  ice 
needles  upon  the  capsule,  and  after  a  tunc 
the  whole  mass  becomes  sohd.  This  remark- 
able experiment  was  first  made  by  Leslie.  The  sulphuric  acid 
absorbs  the  steam  as  soon  as  it  is  formed,  and  thus  maintain* 
u  rapid  evaporation.  AM  bodies  that  absorb  steam  nith  energy  pro- 
duce the  same  action.  The  metallic  capsule  ought  to  be  extmneljr 
thin,  in  order,  likewise,  to  take  part  in  the  cooling,  and  mu«t  be 
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isulated    from    the   surronnding    part    by    means    of   bad   coa- 
Lctors,  80  that  none  of  the  external  heat  may  be  conveyed  t(i 
ic  water. 
In    IVolUuton's  Kryophonis  water  Ukewise  freezes  by  its  own 
evaponzation.     Two  glass  bulbs,  Fig.  407,  are  connected  by  a 
tube.      A    little  water    is    poured    into   each   bulb^    and   bv   its 
boiling,  all  the  air  is  driven  from  the  apparatus.     XATjen  this  is 
le,    the  aperture   at  e   is  fused    by  the   blow-pipe,    and   the 
^holc  thus  rendered  air-tight.      If  now,  all  the  water  be  suffered 
flow   into  one   bulb,    while   the    other    ia    plunged    into   ii 
rifi.  497.  freezing    mixture,    the 

condensation  of  the 
steam  constantly  going 
on  in  the  other  bulb 
will  occasion  so  rapid  an  evaporation  as  to  cause  the  water  to 
freeze. 

Water  may  also  easily  be  made  to  freeze  by  the  evaporation  of 
sulphuric  ether.  For  this  purpose  a  glass  tub*',  1  line  iu  width,  is 
enclosed  in  cotton  wool  moistened  with  3ul]>huric  ether.  The 
tube  thus  prepared  is  placed  in  any  kmd  of  glass  vessel,  and  put 
tinder  the  receiver  of  the  air-pump.  On  exhausting  the  air,  the 
ether  is  so  rapidly  evaporated  that  the  water  freezes. 

Freezing  of  Mercury.  —  We  may  carry  cooling  by  evaporation 
down  to  the  freezing  point  of  mercury.  To  effect  this  we  surround 
a  thermometer  bulb  with  a  sponge,  or  other  porous  tissue,  which 
must  be  moistened  with  Rulphuret  of  carbon,  or  still  better,  with 
liqiiid  sulphurous  acid.  Evaporation  goes  on  so  rapidly,  and  the 
amount  of  heat  abstracted  is  so  great,  that  the  thermometer  falls 
to  —  10"  —  20",  or  even  30^^  and  the  mercury  in  the  b\ilb 
freezes  after  the  lapse  of  a  i^w  minutes. 

A  liquid  evaporates  more  rapidly,  consequently  generates  a 
greater  degree  of  cold  during  its  evaporation,  in  proportion 
the  lowncsa  oi  its  boiUiig  point;  on  this  account  a  greater 
degree  of  cold  is  produced  by  the  eva|)oration  of  sulphuric  ether 
than  by  water,  more  by  i*ulphurou3  acid  than  by  ether,  imd, 
finally,  still  more  by  liquid  carbonic  acid  thau  by  sulphurous 
acid. 
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SPECIFIC    HEAT   OP    BODIES. 


Means  of  compftriiig  qwmiities  of  heal, — Wc  aasame  as  a  «i£> 
evident  principle,  that  the  same  quantity  of  heat  must  always  be 
required  to  produce  the  aomc  effect.  If,  for  instance,  lib.  of  iron 
at  l(y  have,  from  any  cause,  been  heated  to  the  temperature  nf 
1 1°,  the  same  quantity  of  heat  must  always  be  required,  whether 
the  source  be  the  snn,  or  a  fire ;  or  whether  it  reach  the  iron  by 
contact,  or  by  radiation.  In  like  manner,  thcKame  amount  of  beil 
will  always  be  required  to  fuse  lib.  of  ice  at  0^,  and  a  definite 
quantity  to  evaporate  lib.  of  water  at  100".  The  quantities  of 
heat  mustj  however,  also  be  proportional  to  the  weight  of  the 
substances  on  which  they  act,  in  order  to  produce  a  definite  cffcet  j 
that  is,  to  raise  the  temperature  of  lOOlbs.  of  iron,  from  l(f  to 
11";  and,  in  order  to  fiise  lOOlbs.  of  ice,  or  evaporate  lOOlbs.  of 
water,  a  hundredfold  greater  amount  of  heat  is  neceasarj,  thn 
is  required  to  produce  the  same  effect  on  lib.  of  these  sd^ 
stances. 

A  substance  has  a  greater  or  lesser  capacity  for  heal,  according 
as  a  greater  or  lesser  quantity  of  heat  is  required  to  produce  i 
definite  change  of  temperature,  or  an  elevation  of  tempeninse 
of  1" ;  this  requisite  quantity  of  heat  is  termed  the  specific  keti  d 
the  substance.  Two  bodies  have  equal  capacities  of  heat,  if  of 
equal  weight,  they  require  the  same  quantity  of  heat  to  nuse  thdr 
temperatiue  1**;  on  the  contrary,  the  capacity  of  heat  of  a  1m Jy 
is  2,  8,  or  4  time*  greater  than  that  of  another,  if  it  require  t  2, 
3,  or  4  times  greater  quantity  of  heat- 
One  and  the  same  body  may  have  a  variable  capacity  forM; 
as,  for  instance,  is  the  case  with  platinum,  which  requires  i 
greater  amount  of  heat  to  be  heated  from  100°  to  lOP,  thio  to 
raise  its  temperature  from  0*^  to  1°.  The  capacity  of  water  forbcit 
is  constant^  on  which  account  this  liquid  has  been  chosen  u  tl* 
unit. 

Prom  these  definitions  it  follows,  that  a  body,  whoi»e  weight  • 
m,  and  whose  capacity  for  heat  is  c,  will,  at  an  elevation  V 
depression  of  temperature  of  /**  receive  or  lose  an  amount  of  best, 
the  product  of  wh\eh  ttv^v  he  cic\vresaed  by  m  e  /, 
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In  order  to  determiBe  tbc  specific  beat  of  bodies,  tbree  different 
methods  hare  been  pursued,  riz.j  that  of  the  ftuion  of  ice, 
mixtures,  aad  cooling. 

According  to  the  first  method,  the  body  whose  specific  beat  i« 
to  be  determined  is  weighed,  heated  to  a  definite  temperature,  and 
placed  in  a  vessel  filled  with  pieces  of  ice.  While  it  cools,  a  part 
of  the  ice  is  fused,  and  from  the  quantity  of  water,  we  obtain  the 
quantity  of  heat  lost  by  the  body,  and  hence,  consequently^  ita 
specific  heat. 

The  cooling  method  is  based  upon  the  following  principle.     If 

eated  body  be  brought  into  a  space  in  which  it  can  only  cool  by 


same, 


cool 


radiation,    it  will,    if  other  circumstances  remain  the 
slower  in  proportion  to  the  amount  of  specific  heat. 

The  method  of  mur/iiref  affords  the  most  accurate  results,  and 
must,  therefore,  be  somewhat  more  attentively  considered.  This 
method  consists  principally  in  this,  a  weighed  quantity  of  the 
body  to  be  examined  is  heated  to  a  certain  temperature,  and  then 
plunged  into  a  vessel  with  water,  the  temperature  of  which  has 
been  raised  by  the  cooling  of  the  body  ;  if  we  know  the  quantity 
of  the  cold  water,  we  may  ascertain  the  elevation  of  temperature 
sustained  by  it  from  the  cooling  of  the  immersed  body,  and  thus 
the  specific  heat  of  the  latter  may  be  computed. 

If  we  assume  that  a  platinum  ball  weighing  200  grms.  warmed 
tT  100**  has  been  immersed  in  a  mass  of  water  of  105  grms.  at 
IS**,  and  has  raised  its  temperature  by  its  own  cooling  to  20"*, 
that  is,  has  heated  the  water  5",  it  is  clear,  that  the  200  grms.  of 
platinum  must  be  cooled  down  to  80**,  iu  order  to  heat  106  grms. 
of  water  5**.  The  same  amount  of  heat  that  has  been  yielded  by 
the  platinum  ball  would,  therefore,  also  have  sufficed  to  raise 
the  tem]>erature  of  525  gmia.  of  water  1'*.  If  the  platinum 
ball  had  ouly  weighed  1  grm.,  the  amount  of  heat  given  off  by 
it  at  a  depression  of  temperature  of  80^  would  be  able  to  warm 

only  ^-^  or  2,625  grms.  of  water  l^  or  1  grm.  of  water  2,625°. 

Hence,  it  follows,  that  the  siime  amount  of  heat  that  raisea  the 
temperature  of  1  grm.  of  j>l<itinum  80"  can  only  raise  an  equal 

mass  of  water  2,625^,  platinum  thus  requires  only  -^jy-j  that  is, 

0,0328  times  less  heat  than  an  equal  quantity  of  water,  to  expe- 
rience an  equal  variation  of  temperature;  the  specific  heat  of 
platinum  is  consequently  0,0328. 

I  I 
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If  we  designate  the  weight  of  the  cooling  water  by  m,  and  tbe 
elevation  of  temperature  by  /,  (in  the  above-given  example  ihcy 
were  105  grojs.  and  5^*),  and  the  weight  and  depression  of  tempe- 
rature of  the  cooled  body  as  m  and  t',  (in  our  examples  tliey  stood 
as  200  gnus,  of  platinum  and  80*'),  it  follows  from  the  aWe- 
given  considerations,  for  a  concrete  case,  that  we  have  the  following 
formula  for  the  computation  of  the  specific  heat  c  of  the  cooled 

bodv :  c  —  — - —  ;  that  ia,  expressed  in  words,  we  find  the  specific 
■'  m'  t' 

heat  of  the  cooled  body  by  dividing  the  product  of  the  weight  of 

the  cooling  water,  and  its  variation  of  temperature  by  the  prodoct 

of  the  weight  of  the  liody  and  its  depression  of  temperuturc. 

Rfjsults  of  the  cxptrinieHts  on  specific  heats. — The  determinatioD 
uf  specific  heat  has  acquired  much  importance  in  chemistry  from 
the  labours  of  Dul^tg  and  Petitj  who  found  that  the  prodad 
obtained  on  multiplying  the  specific  heat  of  an  element  by  it» 
atomic  weight  was  always  constant.  Thus,  for  instance,  thct 
found  the  specific  heat  of  iron  to  be  equal  to  0,1100,  while  the 
atomic  weight  of  the  metal  was  339,2,  and  their  product  is  37,31- 
If  we  multiply  the  specific  heat  of  copper  0,0949  with  its  atomic 
weight  395,7,  we  obtain  the  product  37,55,  a  value  which  tgiec» 
almost  perfectly  M'ith  what  has  been  found  for  iron.  In  like 
manner,  it  was  found  that  this  product  was  almost  exactly  the 
same  for  all  metaUic  elements;  it  therefore  appears,  that  llw 
principle  of  the  specific  heat  of  metallic  elements  being  inverjdy 
projMjrlional  to  their  atomic  weight,  is  well-grounded. 

We  have  thus  one  means  more  of  learning  to  know  the  atomic 
weight  of  a  body,  and  to  test  the  value  of  atomic  weights  found  by 
other  methods.  The  atomic  weights  of  the  elements  were  not,  it 
the  period  when  Dulong  and  Petit  carried  out  their  rcaearcba,  « 
firmly  established  as  at  present ;  choice  had  often  to  be  made 
between  many  atomic  weights  for  the  same  body,  and  Dului*^ 
and  Petit  naturally  selected  the  one  most  in  harmony  with  tbdr 
own  law. 

Subsequently  to  that  time,  atomic  weights  were  more  ewrtly 
determined  in  another  way  ;  but  this,  instead  of  confirming  the  U« 
of  Dulong,  seemed  rather  to  yield  results  in  direct  opposition  ttf 
those  obtained  by  his  method.  The  most  recent  investigations  of 
liet/nault  uj>on  spccitic  heat  have,  however,  estabhshed  the  corrcd- 
nc88  of  this  law  beyond  all  doubt. 
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CHAPTEll    IV. 


TRAVSMISSION      OP     HEAT. 

Existence  of  radiating  heat. — Radiatuig  heat  penttratos  certain 
budies  iu  the  saiue  uianner  as  light  passes  through  trdusparetit 
bodies  ;  tlie  rays  of  the  buDj  for  instance,  impinge  upon  our  earth 
after  they  have  traversed  the  whole  atmosphere,  and  heat  the 
earth's  surface  whilst  the  higher  regions  of  the  air  remain  cold  ;  the 
rays  of  heat  consequently  pass  for  the  most  part  through  the  atmos- 
phere without  being  absorbed  by  it.  On  approaching  the  fire  of 
a  hearth^  we  experience  a  burning  heat,  and  yet  the  air  between 
OS  and  the  fire  is  not  heated  to  an  equal  degree,  for  on  holding  up 
a  screen  this  heat  instantaneously  ceases,  which  could  not  possibly 
be  the  case  if  the  whole  mass  of  air  surrounding  ua  had  no  high  a 
leniperature.  Ht)t  bodies  can,  therefore,  emit  heat  in  all  direc- 
tions, which  passes  through  the  aii*  as  the  rays  of  light  through 
transparent  bodies ;  we  therefore  speak  of  radiating  heat^  and  rays 
of  heat,  in  the  same  manner  as  rays  of  light. 

If  two  large  spherical,  or  parabolic  concave  mirrors  of  polished 
tiD-platc   (Fig.  498),  be  removed  about  5  or  6  metres  from  each 

other,  and  so  placed  that 
the  axes  of  both  mirrors 
fall  upon  the  same   line, 
^'JTO  XM  ^^^  '^  °  piece  of  tinder  be 

placed  in  the  focus  of  the 
one  mirror,  and  an  iron 
ball  in  a  state  of  white 
heat,  or  a  burning  coal, 
whose  combustion  is 
quickened  by  a  bellows, 
be  laid  in  the  opposite  focus,  the  tinder  will  soon  ignite,  as  if  it 
had  been  brought  into  contact  with  a  fire.  This  experiment  proves 
that  the  glowing  body  radiates  heat ;  for  it  is  evident  that  the 
tinder  has  not  been  ignited  by  the  intervening  layers  of  air  having 
become  by  degrees  so  strongly  heated.  On  removing  the  tinder 
from  the  focus  it  will  not  be  ignited,  even  on  being  brought  much 
nearer  to  the  glowing  body. 

If  we  put  a  ball  at  300"  in  the  place  of  the  glowing  ct>al,  and 
a  common  thermometer  in  the  place  of  the  tinder,  the  thermouieter 
will  rapidly  rise;  consequently,  this  ball  ut  300*'  likewise  radiates  heat. 


no.   498 
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If,  instead  of  the  hot  ball  at  300^,  we  take  a  vcs»cl  full  of 
boiling  water,  or  filled  with  water  at  90*,  80",  or  70",  we  may 
not,  perhaps,  observe  any  further  elevation  of  temperature  in 
the  thermometer;  this,  however,  does  not  prove  that  the  will* 
of  the  vessel  radiate  no  more  heat  at  this  temperature,  bat 
merely,  that  a  common  thermometer  is  not  sensitive  enough 
for  this  purpose.  More  sensitive  instruments  have,  therefore, 
been  made  use  of,  as,  for  instance,  an  air  thermometer,  Rvcm- 
ford*s  or  Leslies  differential  thermometer,  or  Mellon^s  thermo- 
multiplicator. 

An  air  thermometer  may  be  constructed  for  this  purpose,  some- 
what in  the  manner  represented  In  Fig.  499.  A  bulb  of  from  3t« 
4  centimetres  in  diameter  is  blown  at  the  end  of  a 
tube,  the  bore  of  which  is  about  1"*" ;  the  tube  is  bent, 
as  may  be  seen  in  the  figure^  and  has  in  the  middle  ft 
second  bulb,  and  at  its  other  extremity  a  funocl,  ui 
order  to  prevent  the  iluid  standing  between  e  and  d 
from  retunitiig  into  the  lower  bulb,  or  running  out  at 
the  top.  When  the  dimensions  of  the  instrument  arc 
known,  we  may  easily  compute  almost  the  full  degree 
of  its  sensitiveness ;  it  cannot,  however,  be  graduated, 
owing  to  the  tiuid  remaining  exposed  to  the  atmosphcnc 
pressure,  and  owing  to  the  alternate  entrance  ud 
escape  of  air  from  the  lower  bulb. 

Rum/ord's  differential  Uia-viometer. — Fig.  500  exhibits  an  appa* 

ratus  consisting  of  two  glass  bulbs, 
a  and  b,  connected  by  a  bent  gh|^ 
tube,  whose  horizontal  part  ia  6l^H 
5  to  6  decimetres  in  length.  \% 
this  tube  there  is  an  index  of 
alcohol,  or  sulphuric  acid,  prrsacd 
upon  on  each  side  by  the  air  of 
the  balbsj  and  it  will  conse- 
quently only  stand  in  a  fixed 
position  when  the  pressure  on 
both  sides  is  equal.  The  place 
occupied  by  the  index  when  the 
temperature  of  b(»th  bidbs  is  perfectly  equal,  is  the  zero  of  the 
division.  If  the  one  bulb  be  heated  more  than  the  other,  the 
index  will  be  driven  towards  the  cooler  bulb,  and  its  removal 
from  the  Kcm  will  be  pro|K)rtioiial  to  the  difference  of  tempe- 
rature of  the  two  bulbs. 
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Leslie's  differentia!  thermometer, — Fig.  601, 
is  constructed  in  a  Himilar  way,  with  the 
excqition  of  ha^4ng  somewhat  smaller  bulbs, 
and  the  vertical  arms  of  the  couuectiug  tubes 
being  longer,  and  nearer  to  each  other. 

MellonVs  thermo-muUiplicator  consists  of  a 
thermo-electric  pile,  Fig.  502,  ancb  as  has 
already  been  described  at  page  430,  and  of  a 
very  sensitive  niultiplieator.  Tlie  jiile  is  care- 
fully blackened  at  both  ends  with  soot,  and 
placed,  together  with  its  casing,  at  p  {Fig.  503) 
upon  a  stand ;  the  coverings  a  and  b  serve  to 
keep  the  currents  of  air  and  the  lateral  radiations 
from  the  pile ;  as  the  one  b  is  conical,  it  also 
serves  to  concentrate  the  rays  of  heat  from  this 
side,  if  necessary.  The  copper  wire  forming 
the  galvanometer,  is  7  or  8  metrea  long^  and 

riQ.  503. 
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ia  wound  40  times  round  a  metal  frame.     The  well  chosen  ma§rnc- 
tised    needles,    after    having    been     carefully   compenBated,   ire 
connected  together^  as  seen  in  Fig.  5(Mr.     This  system  is  sus- 
rio.  &04.  pcndcd  by  a  cocoon  thread,  han^g  in  tbr 

centre  of  a  glass  bell  c,  Fig.  503.  By 
turning  the  knob  /,  the  cocoon  thread  msj 
be  somewhat  raised  or  lowered,  together 
with  the  needles.  The  apparatus  must  be 
placed  upon  a  sufficiently  strong  tabic,  and 
at  a  proper  level,  so  that  the  thread  hangs  exactly  in  the  middle 
of  the  graduated  circle,  and  so  directed  that  the  needles  point  to 
the  Ecro  of  the  scale,  when  their  plane  coincides  with  the  magnetic 
meridian. 

The  easily  expanding  wire  spirals,  g  and  ^,  which  are  in  connrc- 
tion  with  the  two  ends  of  the  thenno-electric  pile  at  x  and  y,  wd 
at  m  and  n,  with  the  ends  of  the  multiplicator  wire,  serve  to 
restore  the  connection  between  the  thermo-electric  pilc^  and  ll»e 
multiplicator.  The  smallest  difference  of  temperature  between 
both  blackened  ends  of  the  column  causes  a  deviation  of  the 
needle,  which  may  be  seen  by  the  graduated  scale. 

Copncity  of  bodies  to  radiate  heat. — The  capacity  possessed  by 
bodies  of  radiating  heat  ia  ver)'  dissimilar,  and  depends  esaentudly 
upon  the  condition  of  the  surface;  in  general  the  surfaces  of 
the  less  dense  bodies  radiate,  other  circumstances  being  the  i4^^| 
more  heat  than  the  surfaces  of  bodies  possessing  a  greater  deoa^ 
The  irregularity  in  the  capacity  of  radiation  of  different  rar&oeij 
has  been  illustrated  by  Leslie  in  the  following  manner :  he  brought 
the  bulb  of  his  differential  thermometer  into  the  focus  of  a  concave 
mirror,  and  placed  at  some  distance  from  the  axis  of  a  mirnir, 
a  hollow  tin-plate  cube,  filled  with  hot  water ;  the  sides  of  the 
vessel  being  from  15  to  18  centimetres  in  length,  and  the  one 
lateral  side  being  covered  with  soot,  while  the  other  was  pohshod; 
when  the  latter  side  was  turned  towards  the  mirror,  the  effect  was 
much  IcKs  considerable  upon  the  differential  thermometer  than 
when  the  blackened  side  was  turned  towarda  it ;  the  surface  rubbed 
with  soot,  consequently  radiated  far  more  heat  than  the  polished 
metallic  surface. 

This  method  is  certainly  quite  capable  of  showing  the  diffe- 
rence in  capacity  of  radiation ;  but  to  give  more  exjict  com- 
parisons, however,  Melloni^s  method  is  far  more  preferable ;  he 
placed  at  a  proper  distimcc  from  the  thcrmo-pilc  a  hollow  cube 
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of  tin  plate,  the  side  of  which  was  from  7  to  8  centimetres 
long,  and  which  was  tilled  with  hot  water,  kept  at  a  couHtant 
temperature  by  means  of  a  spirit  lamp ;  the  lateral  surfacefl 
of  this  cube  were  iliffcrently  prepared,  one  being  covered  with 
aoot,  another  with  white  lead,  the  third  with  Indian  ink,  and 
the  remaining  one  polished.  The  deviations  of  the  needle  were 
very  unequal,  as  the  one  or  the  other  side  was  turned  towards 
the  ihcrmo-multiphcator,  and  from  the  deviations  thus  observed, 
were  found  without  further  difficulty,  the  relation  in  which  the 
capacities  of  emission  stand  to  each  other  for  different  fluids.  In 
this  manner  the  capacity  of  radiation  has  been  determined  for  the 
following  bodies : 


Lamp-black  . 
WTiite  lead  . 
Isinglass 


100 

100 

91 


Indian  ink  . 
Gum-lae 
Metallic  surface 


85 
72 

12 


nn 


Thus,  if  we  designate  the  capacity  for  radiation  in  pine  soot 
100,  that  of  a  polished  surface  will  be  equal  to  12,   conse* 

12 

queutly,  only  =-7^  of  the  former. 

Absorption  of  rays  0/  hent, — Every  body  has  the  power  of 
absorbing  more  or  less  the  rays  of  heat  which  impinge  upon  it  coming 
firom  some  other  body ;  this  is  proved  in  the  aboAX-named  experi- 
ments, for  bodies  are  only  heated  in  the  focus  of  a  concave  mirror 
because  they  absorb  the  rays  of  heat  concentrated  upon  them 
by  the  mirrors.  That  this  power,  however,  appertains  to  all 
bodies,  is  proved  by  their  assuming  a  temperature  when  exposed 
to  the  sun's  rays  which  is  higher  than  the  temperature  of  the 
sir. 

The  power  of  absorption  is  not  equal  for  all  bodies,  which 
arises  from  their  not  having  equal  power  of  emission,  for  a 
surface  which  easily  radiates  heat  must,  conversely,  also  have 
the  capacity  for  absorbing  these  rays.  This  inequality  in  the 
power  of  absorption  may  be  shown  by  a  simple  expenment; 
for  instance,  if  we  put  a  thermometer,  whose  bulb  has  been 
blackened,  in  the  rays  of  the  sun,  it  will  rise  much  more  rapidly 
than  another,  whose  surface  has  not  been  blackened ;  the 
blackened  surface  of  the  one  thcrmomctL-r  bulb  absc»rba,  there- 
fore, evidently  more  rays  of  heat  than  the  polished  surface  of  the 
other. 

The  rays  of  heat  absorbed  by  a  body  arc,  therefore,  the  cause  of 
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its  becoming  heated;  and  thua^  in  order  to  heat  a  body  br 
radiation  as  much  as  possible,  it  is  necessary  to  cover  it  witb 
some  coaling  which  strongly  absorbs  rays  of  heat ;  for  the  same 
reason,  thermoscopes,  which  sen  e  to  manifest  in  a  striking  manner 
the  actions  of  the  radiation  of  heat,  the  bulbs  of  differential  thwr- 
mometcrs,  and  the  two  ends  of  the  thermo-electric  pile  are  coatwl 
over  with  soot,  as  this  substance  has  a  stronger  capacity  for 
absorption  than  any  other,  with  which  we  are  acquainted. 

We  have  seen  above  that  metalbc  surfaces  posaesa  only  a  tttj 
small  power  of  emission,  and  hence,  it  follows,  that  they  arc  only 
capable  of  absorbing  rays  of  heat  to  a  very  small  dtr^^rce. 

Reflection  and  diffusion  of  the  rays  of  heat. — Bodies  have  in  g^^^fl 
ral  the  cnparity  of  reflecting  a  poi'tion  of  the  rays  of  heat  impi^^ 
ing  upon  them  in  the  same  manner  as  they  more  or  less  regularly 
reilect  rays  of  light.  The  mirrors  which  were  used  in  the  abore 
experiments,  furnish  us  with  a  decisive  proof  of  the  reflection  of 
raya  of  heat,  for  they  are  not  themselves  heated  in  the  experiment 
with  the  tinder.  A  simple  mode  of  reasoning  convinces  us  that 
most  bodies  must  possess  this  capacity  for  reflection,  and  that,  if 
we  may  so  speak,  it  is  complementary  to  the  power  of  absorption, 
for  ihe  smn  of  the  absorbed  rays  of  heat  must  endcutly  be  equal 
to  the  eombined  whole  of  the  incident  rays,  pnnndcd  the  body 
suffer  no  rays  of  heat  to  pass  through  it.  When,  therefore,  the 
power  of  reflection  is  greater,  the  power  of  absorption  is  smaller, 
and  conversely.  A  body  that  reflects  no  rays  of  heat  must  abiorb 
all  rays,  as,  indeed,  is  the  case  with  such  surfaces  as  are  carefully 
covered  with  soot ;  pohshcd  metallic  surfaces  on  the  other  hand, 
which  possess  a  great  capacity  of  reflection  only  absorb  rays  of 
heat  to  a  very  inconsiderable  degree. 

Rays  of  heat  are  reflected  precisely  according  to  the  same  law» 
as  rays  of  light,  that  is  to  say,  the  angle  of  reflection  is  equal  to 
the  angle  of  incidence ;  this  follows  from  the  experiments  with 
the  concave  mirrors,  as  the  focal  points  for  the  rays  of  heat 
corresjKind  with  those  of  the  rays  of  light. 

As  rays  of  light  are  irregularly  distributed  in  all  directions  on 
the  surface  of  a  jjerfectly  |>olished  body,  rays  of  heat  likewise 
undergo  a  diffusion  on  the  surface  of  most  bodies.  We  may 
Convince  ourselves  of  this  by  the  following  expcrimenL  If  we 
suffer  the  sun-beams  to  fall  through  an  opening  in  the  shutter  of  • 
dark  room  upon  the  opposite  wall,  the  luminous  spot,  which  is 
Visible  from  all  directions,  owing  to  its  distributing  sunlight  on 
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every  aide,  will  also  distribute  raye  of  heat  irregularly,  that  is,  it 
will  throw  forth  rays  of  heat  in  all  directions,  as  if  it  were  itself  a 
•cmrce  of  heat.  This  diffusion  of  the  rays  of  heat  is  rendered 
Bumifest  on  turning  the  thermo-electric  pile  towards  the  bright 
»pot;  we  shall  see  the  needle  deviate  at  whatever  part  of 
the  room  we  place  the  instnuneut ;  and  the  action  cannot,  there- 
fore, arise  from  a  regidar  reflection,  while  it  is  evident^  that 
h  ia  not  the  consequence  of  a  heating  of  the  part  of  the  wall 
on  which  the  sun's  rays  have  fallen,  for  the  needle  will  return  to 
the  tero  of  the  scale  as  soon  as  the  aperture  in  the  shutter  is 
dosed. 

Capacity  of  bodies  io  transmit  rays  of  heat. — That  solid  bodies 
can  transmit  rays  of  heat  in  the  same  manner  as  transparent 
bodies  transmit  rays  of  light  has  already  been  proved,  by  showing 
that  we  arc  able  to  igrnitc  combustible  bodies  on  holding  them  in 
the  focus  of  a  lens  exposed  to  the  rays  of  the  sun.  More  accurate 
investigations  could  only  be  made  by  help  of  the  thermo-electnc 
pile^  and  MeUoni  has  carried  out  a  scries  of  highly  interest- 
ing observations  upon  the  transmission  of  the  rays  of  heat  through 
different  bodies. 

Such  bodies  as  retain  rays  of  heat  as  transparent  bodies  retain 
rays  of  light  are  termed  by  Mcllonij  athtrrmaiuniA ;  and  those 
which  are  to  rays  of  heat  as  transparent  bodies  are  to  rays  of  light, 
are  called  by  him  diathennanous.  Air  consequently  is  a  diather- 
manouM  body ;  and  we  shall  soon  see  that  many  solid  and  fluid 
bodies  are  diathermanous,  although  in  very  unequal  degrees. 

The  experiments  were  made  in  the  following  manner. 

The  source  of  heat,  a  small  oil  lamp,  for  instance,  or  a  hollow 
cube  of  tin  plate  filled  with  hot  water,  and  blackened  on  the  out- 
aide  with  soot  to  radiate  heat  the  better,  was  so  placed  aa  to  pro- 
duce a  deviation  of  the  needle  of  30*^;  when  the  rays  of  heat  were 
then  received  upon  a  plate  of  the  body  to  be  examined,  and 
placed  at  r.  Fig.  501,  the  needle  receded  sometimes  more,  some- 
times  less,  and  it  was  thus  observed  that  equally  thick  and  equally 
transparent  plates  of  different  bodies  did  not  transmit  equal  quan- 
tities of  radiating  heat.  If,  for  instance,  the  free  radiation  of  the 
•ource  of  heat  cause  a  deviation  of  SO**,  the  needle  will  recede  to 
28**  if  a  plate  of  rock  salt  from  3  to  4  millimetres  in  thickness  be 
placed  at  r,  whilst  an  equally  thick  plate  of  quartz  will  cause  the 
needle  to  recede  to  15  or  16^;  mineral  or  rock  salt  consequently 


400   CAPACITY  OP  BODIES  TO  TRANSMIT  RATS  Of   BEAT. 

transmits  rays  of  heat  far  better  thou  rock  crystal.     Many  \em 
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transparent  bodies  even  transmit  rays  of  he^t  better  than  thow 
that  are  perfectly  transparent.  Mliilst,  for  instance,  a  wholly 
transparent  plate  of  alum  reduces  the  deviation  of  the  needle  from 
S(f  to  3  or  4",  a  far  thicker  plate  of  snidky-topaj!  brings  the  nnedk 
back  to  14  or  15".  Some  bodies  which  are  almost  whoUy  opaqof, 
as  black  glass  and  black  mica,  transmit  rays  of  heat  tolerablf 
well. 

If  we  suffer  the  rays  of  heat  that  have  passed  through  a  glav* 
plate  to  fall  upon  an  alum  plate,  they  will  be  wholly  absorb^; 
whilst,  howevcrj  an  alum  plate  will  transmit  almost  all  the  ray»  ot 
heat  that  had  previously  passed  through  a  plate  of  citric  arid. 
This  phenomenon  has  the  greatest  analog)'  with  the  tranamiMMB 
of  light  through  a  coloured  medium ;  rays  of  light  that  hvn 
passed  through  green  glass  are,  it  is  well  known,  easily  transmitted 
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through  other  green  glasses^  which  are  absorbed  when  Buffered  to 
Coll  upon  red  glass;  the  differences  between  rays  of  heat  are 
therefore  quite  analogous  to  the  differences  of  colour  in  light. 

Similar  resemblances  have  been  observed  in  relation  to  the 
capacity  of  emission  and  absorption  of  bodies. 

Rays  of  heat  are  refrangible,  like  rays  of  light,  as  may  best  be 
seen  by  means  of  a  prism  of  rock  salt.  Phenomena  of  polarization 
have  also  been  shown  in  rays  of  heat. 

Distrihuiion  of  heat  by  conductors.- — Heat  may  pass  from  one 
body  to  another,  not  only  by  radiation,  but  by  immediate  contact, 
and  may  then  be  transmitted  through  the  whole  mass ;  there  is, 
however,  a  great  inequality  in  different  bodies  in  relation  to  the 
facility  with  which  this  is  effected ;  in  many,  heat  is  very  easily 
transmitted,  whilst  in  others  it  passes  with  much  less  facility  from 
one  particle  to  another.  A  match  that  is  burning  at  one  end  may 
be  held  between  the  lingcra  at  the  other  extremity  without  any 
elevation  of  temperature  being  even  felt  in  the  wood;  the  high 
tejDperature  of  the  burning  end  is  not  speedily  transmitted  to  the 
rest  of  the  mass  of  wood,  because  wood  is  a  bad  conductor  of  heat. 
An  equally  long  metallic  wire  made  glowing  hot  at  one  extremity 
CAonot  be  grasped  at  the  other  end  without  burning  the  hand ; 
heat  consequently  distributes  itself  from  the  glowing  part  to  the 
whole  of  the  rod,  metal  being  a  ^ood  conductor. 

We  may  make  use  of  Ingenhousz*8  apparatus  (Fig.  506)  to  show 
the  inequahty  of  the  capacity  of  different 
bodies  to  transmit  heat.  Many  rods 
made  of  the  substances  to  be  compared 
are  inserted  into  the  lateral  wall  of  a  box 
of  tin  plate,  the  rods  being  all  of  equal 
diameter  and  all  covered  with  a  layer  of 
wax;  on  pouring  boiling  water  or  hot  oil  into  the  box,  the  heat 
will  |)enetrate  more  or  less  into  the  rods  and  fuse  the  wax  coating. 
If  we  assume  that  one  rod  is  of  copper,  another  of  iron,  a  third  of 
lead,  a  fourth  of  glass,  and  the  last  of  wood,  the  wax  coating  of 
copper  will  be  perfectly  fused  before  the  coatings  over  the  other 
rods  are  much  melted,  showing  that  copper  is  the  best  conductor 
of  these  five  bodies.  The  fusion  of  the  wax  is  more  rapid  over  the 
iron  than  the  lead,  and  when  all  the  wax  has  melted  off  the  copper 
rod,  fusion  has  only  progressed  to  a  very  small  extent  upon  the 
glass  rod,  while  scarcely  a  trace  of  fusion  is  perceptible  on  the 
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wooden  rod ;  which  proves  that  wood  is  the  worst  conductor  of 
heat  among  these  five  substances. 

Of  all  bodies,  metals  are  the  best  conductors  of  he-at ;  and 
aahea,  silk,  hair,  straw,  wool,  kc,  and  porous  bodies  especially,  tn 
the  worst. 

In  practical  life  we  are  constantly  making  nnmprons  appliratimu 
of  the  good  or  bad  capacity  of  difTcrent  bodice  for  conducting  heat. 
Thus,  objects  that  wc  wish  to  protect  from  the  cold,  we  surround 
with  bad  conductors  of  heat :  twisting  straw  round  trees  and 
shrubs  in  winter  to  save  them  from  the  effect  of  the  frost ;  on  iht 
same  principle  oxir  clothes  keep  us  warm,  owing  to  their  beias 
made  of  bad  conductors  of  heat.  We  can  bring  a  liquid  to  a  st»t< 
of  boiling  much  more  rapidly  in  a  copper  vessel  than  ui  one  made 
of  porcelain,  and  having  equally  thick  walls. 

Capacity/  of  liquids  and  tenses  for  conducting  heat. — Heat  is  distri- 
buted through  liquids  princi|>al]y  by  ca^ 
rents,  which  arise  from  the  hcatetl  pw- 
tides  rising  more  rapidly  to  the  surfscCi 
owing  to  their  inconsiderable  densitj. 
These  currents  may  be  made  apparent  by 
throwing  sha\'ings  into  water  encJosed  in 
a  glass  vessel,  and  then  heating  it  slowlj 
from  below,  (Fig.  507),  when  wc  skill 
see  the  current  rise  in  the  middle,  and  be 
directed  upwards,  and  t\im  downwards 
on  either  aide.  On  heating  a  liquid  from 
-.  ^         y  above,  so  that  the  hydrostatic  cquihbriuiu 

^^^JL^^'^  is  not  disturbed,  the  heat  can  only  be 

ll  transmitted  in  the  same  manner  through 

jT^  the  mass  of  the  Uquid,  as  is  the  case  with 

^■^  solid  bodies ;  that  is  to  say,  by  the  heat 

^H^  lM*ing  conducted  from  one  layer  to  the 

^^  other.     In  such  cases,  heat  is  only  slowly 

diffused  through  the  mass  of  the  liquid,  liquids  consequently  are 
bad  conductors  of  heat. 

In  order  to  convince  oneself  of  the  bad  capacity  of  liquids  for  eOD- 
ducting  heat,  one  need  only  plunge  the  bulb  of  a  thermometa 
into  cold  water,  and  then  pour  hot  oil  upon  the  water.  The 
uppermost  layers  of  water  will  scarcely  manifest  any  elevation  of 
temperature. 
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Detprets  has  determined  the  capacity  of  liquids  for  conducting 
heat,  by  heating  columns  of  water  1  meter  in  height  and  from 
0,2  to  0,4  meters  in  diameter,  by  continually  pouring  hot  water 
over  them  firom  above.  This  pro'^ess  was  continued  for  about 
SO  hoiirs,  until  the  temperature  of  the  columns  was  settled  and 
stable  on  all  sides.  From  these  ex]>criments  it  follows  that  the 
capacity  of  water  for  conducting  heat  is  about  96  times  less  than 
tfajit  of  copper. 

The  air  and  gases  especially  are  Ukewise  very  bad  conductors  of 
heat ;  but  we  are  unable,  owing  to  the  radiation  of  heat^  to  ascer- 
tain their  capacity  for  conducting  heat,  by  means  of  the  thermo- 
meter brought  into  the  different  layers  of  the  mass  of  air  to  be 
examined.  That  gases  generally,  and  the  air  in  particular,  are 
bad  conductors  of  heat,  is,  however,  proved  by  this :  that  bodies 
surrounded  on  all  sides  by  layers  of  air  can  only  be  cooled  or 
heated  \*ery  slowly  if  only  the  intermixture  of  the  layers  of  air  be 
prevented.  We  thus  see  the  utility  of  double  windows  and  double 
doors  in  keeping  a  room  warm.  The  bud  capacity  for  conducting 
heat  which  we  perceive  in  porous  bodies,  as  straw,  wool,  &c., 
depends  especially  upon  their  innumerable  interstices  being  filled 
with  air.  Bodies  of  which  we  say  that  tbcy  keep  us  warm,  as,  for 
metftuce,  our  clothes,  straw,  &c.,  are  not  wann  in  themselves,  but 
owe  the  ]}roperty  they  possess  to  their  bad  power  of  conducting 
heat ;  if  we  wrap  any  of  these  round  ice,  they  will  hinder  its 
fusion,  by  protecting  it  from  all  external  heat. 


CHAPTER  V. 
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Generation  of  heat  by  chemical  combinations. — Excepting  the 
sun,  chemical  combinations  fiu^ish  us  with  the  most  important 
sources  of  heat.  Almost  every  chemical  process  is  accompanied  by 
a  development  of  heat. 

The  development  of  heat  induced  by  combustion,  that  is,  by  a 
rapid  combination  of  bodies  with  oxygen,  is  of  the  greatest  import- 
ance. 

In  order  to  determine  the  amount  of  heat  developed  in  combus- 

*  ThonuOD't  •■  Heat  and  Blcctrkht>-,"  2nd  Edition.  8vo.  1840. 
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tion,  Rumford  made  use  of  the  apparatuB  dt^ineated  in  Pig.  508. 

The  box  A  is  tilkd  with  water, 
through  which  passes  a  worn 
tube;  the  entrance  of  this  tube 
is  formed  by  a  funnel,  bckv 
which  are  placed  the  bodies 
be  consumed.  The  experifflcai 
ifl  easily  made  with  oil  uid  alco* 
holj  which  are  poured  into  a 
little  lamp,  which  must  be 
weighed  at  the  beginning  sad 
end  of  the  experiment,  in  order 
to  ascertain  the  quantity  of  iha 
material  consumed.  The  llama 
and  the  products  of  cum  bust  iu 
pass  through  the  tube,  and  h 
the  water  of  the  apparatus.  From  the  elevation  of  tcmpentnre 
experienced  by  ihe  water,  Ujgethcr  with  the  whole  ajipamtus,  w 
may  estimate  the  amount  of  heat  engendered  by  cunibustn^n ;  bu 
here  we  must  not  disregard  the  heat  carried  off  by  the  sii»ev'» 
products  of  combustion  from  the  tube. 

By  experiments  of  this  kind  the  following  reaulU  were  obtained 
as  to  the  amount  of  heat  developed. 

Tlie  Icniperatwrc  of  1 
of  wst«r  tuny  be 

.     36,40" 
.     12,20 


be  J 

1 


i 


For  the  cunibiution  of 
1  grm.  of 
Hydrogen    . 
Ok'fiiint  gas 
Absolute  alcohol 
Charcoal 
Wax    . 
Ilapeseed  oil 
Tallow 


e,96 
7,29 
10,50 
9,31 
8,87 


Animal  heat. — The  temperature  of  the  heat  of  blood  of  all 
mals  is  almost  always  different  from  that  of  the  medium  in  which  ibey 
live.     The  animals  of  the  polar  regions  arc  alwaj's  warmer  tbao 
the  ice  on  which  they  live;  but  in  the  countries  on  the  equal 
they  ai-e  c<:>olcr  thaTi  the  glowing  oir  which  they  inlmle.     Neitb 
birds  nor  tish  have  the  same  temperature  as  the  air  or  the  wakr 
summntling  them;    the  animal  body  must  consequently  haves 
peculiar  heat,  which  it  is  constantly  able  to  engender. 
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The  internal  heat  of  the  human  body  appears  to  be  the  same  for 
alJ  organs,  and  to  be  equal  to  that,  to  which  a  small  thermometer 
rises,  when  we  place  the  bulb  under  the  tongue  and  close  the 
mouth  until  it  has  ceased  to  rise;  this  temperature  is  about 
87*^  C.  Age,  climate,  health,  and  disease,  can  but  slightly 
affect  it. 

The  blood  heat  is  greater  in  birds  than  in  any  other  animals, 
amounting  on  an  average  to  42^;  the  blood  heat  of  the  mammalia 
is  vcr}'  nearly  equal  to  that  of  man.  In  birds  and  the  mammalia 
the  bltx>d  beat  in  iudepuadeut  of  the  tempeniture  surrounding  it ; 
bat  in  other  species  of  animals,  as  the  amphibia,  fishes,  &e.,  the 
temperature  of  the  body  varies  but  little  from  the  surrounding 
medium. 

What,  then,  is  the  source  of  animal  heat  ?  The  air  which  we 
inhale  becomes  changed  in  the  same  manner  as  the  air  that  has 
aerrcd  in  the  combustion  of  bodies ;  the  oxygen  being  converted 
into  carbonic  acid,  and  a  regular  process  of  combustion  being  thus 
carried  on  in  the  lungs.  Since  Lavoisier  made  this  discovery,  the 
source  of  animal  heat  has  ceased  to  l>e  a  mystery.  Carbon  is 
brought  into  the  body  with  the  food,  and  is  then  combined  in  the 
lungs  with  the  oxygen  of  the  inhaled  air.  By  the  oxidation  of 
carbon  in  the  animal  body,  the  same  amount  of  heat  muist,  how- 
ever, necessarily  be  engendered  as  if  the  curbou  had  been  converted 
by  rapid  combustion  into  carbonic  acid. 

In  a  cold  medium,  men  and  animals  constantly  lose  more  heat 
than  in  a  warmer  atmosphere ;  as,  however,  the  blood  heat  in  the 
mammalia  and  in  birds  is  independent  of  the  temperature  of  the 
air,  it  is  evident  that  more  heat  nmst  be  engendered  in  the  body  if 
a  greater  quantity  be  withdrawn  every  moment  from  it,  and  more, 
consequently  when  the  body  is  in  a  colder  air,  than  when  it  gives 
forth  but  little  heat  in  a  warmer  medium.  In  order,  however,  to 
be  able  to  engender  more  heat  in  the  Riirac  periods  of  time,  more 
carbon  must  be  introduced  into  the  body,  by  the  oxidation  of 
which  substance  heat  is  develoj)ed:  in  the  same  manner  as  we 
must  consume  more  fuel  in  a  stove  during  cold  weather  than 
during  a  leas  intense  degree  of  cold,  in  order  to  maintain  a  con- 
stant and  fixed  temperature  in  the  apartment.  Thus,  too,  we  may 
understand  why  the  inhabitants  of  northern  countries  require  to 
partake  of  more  food,  and  especially  of  the  kind  containing  a 
greater  amount  of  carbon,  than  is  necessary  for  those  who  live  in 
hotter  zones. 

Developtnent  of  heai  by  mechanical  means. — We  have  ahready 
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stated  that  heat  is  liberated  by  the  compresaioii  of  air ;  and  wheo 
thifl  is  rapidly  effected,  a  very  considerable  elevation  of  tempcn- 
tore  may  be  brought  about,  ou  which  depends  the  pneaniatic 
tinder-box.  Fluids  that  do  not  admit  of  strong  compreaaioa  ahoir 
but  an  inconsiderable  elevation  of  temperature.  SoUd  boditt  are 
often  very  much  heated  by  compression,  as  we  may  observe  in 
the  case  of  hammering  metala  and  striking  coins.  It  has  not  yet 
been  determined  with  certainty  whether  the  elevation  of  the  tem- 
perature  of  soUd  bodies  by  compression  must  likewise  be  ascnbcd 
to  the  circumstance,  that  their  heat  is  smaller  with  a  gmter 
degree  of  density  and  that  consequently^  a  part  of  the  heat,  which 
is  maintained  in  them  as  specific  beat,  escapes  in  a  perceptible 
form  on  their  being  compressed. 

The  considerable  elevations  of  temperature  occasioned  by  fric- 
tion are  generally  known.  The  iron  tire  of  a  wheel  often  becomo 
so  heated  that  it  will  hiss  on  coming  into  contact  with  water ;  dry 
wood  may  be  ignited  by  friction,  and  an  iron  nail  may  be  brought 
into  a  state  of  white  heat  on  being  held  against  a  moving  gnad- 
stone  of  7i  feet  in  diameter.  At  the  present  time  wc  are  unable 
to  afford  a  satisfactory  cxj)Ianation  of  these  phenomena. 

Theoretical  views  concerning  heat.^ — Wc  have  become  acquainted 
with  the  most  important  laws  of  the  phenomena  of  heat,  withoot 
having  entered  upon  the  question  of  what  hmt  really  is.f  In  lb» 
respect,  therefore^  the  theory  of  heat  has  been  treated  precisely  in 
the  same  manner  as  the  first  part  of  the  theory  of  light,  where  the 
empirical  laws  of  reflection  and  refraction  were  developed,  withoal 
anything  further  being  said  of  the  nature  of  light.  We  are,  how- 
ever, still  deficient  in  a  theory  from  which  the  phenomena  of  hat 
may  be  derived,  (as  the  phenomena  of  light  from  the  wave  theory) 
not  only  qualitatively,  but  also  quantitatively. 

We  generally  imagine  that  heat  is  an  imponderable  substance, 
penetrating  bodies:  and  this  idea  answers  very  well  for  many 
phenomena;  as,  for  instance,  the  combination  of  heat,  and  the 
capacity  for  conducting  heat,  affording  us  a  good  representation  of 
tliese  phenomena,  the  expressions  being  based  upon  this  new.  If, 
however,  the  phenomena  of  the  capacity  for  conducting  heat,  of 
latent  heat,  and  of  difiiision  of  heat,  accord  tolerably  well  with  the 
idea  of  a  substance  of  heat;  it  is,  on  the  other  hand,  very  impn)- 
buble  that  there  are  such  substances,  and  more  likely  that  inipoa- 
derables  will  all  vanish  from  physics,  as  has  already  been  the  omc 

*  Graliam'i  "Elcmenta  of  Chemutry,"  2nd  Edition,  8vo.  1847, 
t  Thomson's  ••  Heat  and  Electricity,"  2DtJ  KUitioa,  8vo.  1840, 
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with  respect  to  light.  In  the  theory  of  heat^  the  most  important 
step  made^  is  probably  that  which  corresponds  to  the  introduction 
of  the  theory  of  vibration  in  the  case  of  light. 

There  are  some  phenomena  which  cannot  be  reconciled  with  the 
views  of  heat  being  a  substance;  for  instance^  radiation  and  the 
generation  of  heat  by  friction. 

The  laws  of  the  radiation  of  heat  are  so  similar  to  those  of  the 
radiation  of  lights  that  we  are  tempted  to  ascribe  the  former  like- 
wise to  a  vibration  of  ether.  If,  however,  radiating  heat  were 
transmitted  by  the  vibrations  of  ether,  perceptible  heat  must  like- 
wise be  occasioned  by  the  vibrations  of  the  material  parts  of  bodies. 

That  the  phenomena  of  heat  actually  arise  from  such  vibrations, 
is  very  probable,  although  we  are  not  able,  even  in  a  satisfactory 
degree,  to  explain  all  phenomena  of  heat  on  this  hypothesis ;  and 
we  are  still  unable  to  dispense  with  the  idea  of  a  substance  of  heat 
in  our  representations  and  descriptions. 

In  order  to  explain  the  phenomena  of  heat  by  vibrations,  we 
must  assume  that  the  temperature  of  bodies  increases  with  the 
amplitude  of  the  oscillations;  and  by  such  means  we  may  also 
expkin  expansion  by  heat. 

The  number  of  the  vibrations  is  increased  on  the  transition  from 
the  solid  to  the  fluid,  and  from  the  latter  to  the  gaseous  condition. 
An  increase  in  the  number  of  the  vibrations  is,  with  an  equal 
amount  of  motion,  alone  possible  when  the  amplitude  is  less ;  and 
thus  we  may  explain  the  combination  of  heat. 
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SECTION    VIII. 

MBTEOKOLOGT.* 

CHAPTER   I. 

DISTRIBUTION    OF    H£AT    ON    THE    EARTH's    SURFACE. 

The  beating  of  the  earth's  surface,  and  of  the  atmosphere,  hy 
which  alone  the  vegetable  and  animal  world  can  thrive,  is  al<me 
owing  to  the  rays  of  the  sun,  which  must  thus  be  regarded  as  the 
source  of  all  life  upon  our  planet.  Where  the  mid-day  son  stands 
vertically  above  the  heads  of  the  inhabitants,  and  its  rays  strike 
the  earth's  surface  at  a  right  angle,  a  luxuriant  vegetation  is 
developed,  if  a  second  condition  of  its  existence,  namely,  moisture, 
be  not  wanting;  but  where  the  solar  rays  constantly  fall  too 
obliquely  to  produce  any  marked  effect,  nature  is  chained  in 
eternal  ice,  and  all  animal  and  vegetable  life  ceases. 

In  order  to  take  a  general  survey  of  the  distribution  of  heat 
on  the  earth's  surface,  we  must,  in  the  first  place,  investigate 
the  consequences  produced  by  the  diurnal  and  annual  motion  of 
the  earth. 

In  consequence  of  the  annual  motion  of  the  earth,  the  son 
continually  alters  its  apparent  position  in  the  heavens ;  the  path 
which  it  traverses  during  the  year  passes  through  twelve  con- 
stellations, called  the  signs  of  the  zodiac. 

If  wc  suppose  the  vault  of  heaven  to  be  one  large  concave 
sphere,  the  path  of  the  sun  will  describe  a  large  circle  upon  it, 
generally  known  by  the  name  of  the  elliptic.  This  line  does  not 
coincide  with  the  celestial  equator,  intersecting  it  at  an  angle 
of  23«  28'. 

Twice  in  the  year,  namely,  on  the  21st  of  March,  and  on  the 

*  The  want  of  space  prevents  this  important  subject  being  treated  as  fiiUy  hat » 
it  deserves.  The  reader  is  therefore  referred  to  the  excellent  translation  <rf  Kabmw'i 
CompMe  Courte  qf  Meteorohffy,  with  Notes  by  C.  F.  WaOer,  Qlostnted  with  15 
plates.    I^ondon,  1845. 
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21it  of  September,  the  sun  passes  the  celestial  equator.  From 
March  till  September  it  is  on  the  north,  and  from  September 
to  March  on  the  south  hemisphere;  on  the  21st  of  June  it 
reaches  its  moat  northern,  and  on  the  21st  of  December  its  most 
•oathem  point ;  being  on  the  first-named  day  at  23**  28'  nortli,  and 
the  last-named  at  23*'  28'  south  of  the  celestial  equator. 

The  direction  of  our  earth's  axis  coincides  with  the  Bxin  of  the 
the  plane  of  the  terrestrial  equator,  with  that  of  the 
equator;  if,  therefore,  the  sun  stand  directly  upon  the 
equator,  its  rays  strike  the  earth's  surface  at  every  place 
Bpon  the  terrestrial  equator  perpendicularly  at  mid-day,  whilst 
they  only  glance  over  the  two  terrestrial  poles,  striking  the  parts 
contiguous  to  them  very  obliquely. 

If  we  suppose  two  circles  to  be  drawn  upon  the  earth's  surface 
parallel  with  the  equator,  one  23''  28'  north,  and  the  other  cqimlly 
far  south  of  it,  the  former  will  he  (he  tropic  nf  Cancer,  and  the 
latter  the  tropic  of  Capricorn.  All  places  lying  upon  these  tropics 
receive  once  in  the  year  the  sun's  rays  perpendicularly,  this  being 
on  the  21st  of  June  for  the  tropic  of  Cancer,  and  the  2l8t  of 
December  for  the  tropic  of  Capricorn. 

The  whole  terrestrial  zone  lying  between  those  two  tropics  is 
termed  the  hot  zoney  because  the  rays  of  the  sun  falling  but  very 
little  obliquely  are  able  here  to  produce  the  moat  powerful 
effect. 

Heat  is  tolerably  equally  distributed  throughout  the  whole  year 
on  the  equator,  because  the  wun's  rays  strike  the  earth  rectan- 
gularly twice  annually,  while  they  do  not  fall  very  obliquely 
at  any  time  intervening  between  these  periods. 

The  more  we  approach  the  tropics,  the  more  marked  arc  the 
differences  of  temperature  at  different  periods  of  the  year.  lu 
the  tropics  the  solar  rays  only  fall  once  in  the  year  perpendicularly 
on  the  earth's  surface,  and  once  they  make  an  angle  of  47'' 
with  the  direction  of  the  plumb  line,  falling,  consequently,  with 
very  considerable  obliquity ;  the  temperature  of  the  hottest  and 
coldest  season,  separated  by  a  period  of  half  a  year,  differ  very 
considerably  from  each  uther. 

On  either  side  of  the  hot  zone,  extending  from  the  tropics  to 
the  polar  zones,  (the  pilar  zones  are  ihose  which  have  24  hours 
exactly  for  their  longest  day,  and  lie  exactly  66"  32'  north  and 
south  of  the  equator),  are  the  northern  and  southern  temperati" 
sones ;  the  four  seasons  of  the  year  arc  most  strongly  characterised 
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in  these  zones ;  in  general,  lieat  diminishes  with  the  distance  horn 
the  equator. 

Around  the  poles,  extending  to  the  polar  tropica,  are  the 
northern  and  southern  frigid  zones. 

In  consequence  of  the  rotation  of  the  earth  upon  its  aiis,  the 
sun  appears  to  participate  in  the  apparent  motion  of  all  the 
planets ;  and  another  result  of  this  diurnal  motion,  is  eridentlj 
the  alternation  between  day  and  night.  It  is  only  during  the 
former  period  that  the  solar  rays  warm  the  earth's  surface,  which 
after  sun-set  radiates  heat  towards  the  heavens  without  the  lost 
of  heat  being  compensated  for ;  during  the  night,  therefore,  the 
surface  of  the  earth  must  be  cooled. 

Under  the  equator  the  day  and  night  are  equal  throughout  the 
year,  each  day  and  night  lasting  12  hours ;  as  soon,  however, 
as  we  remove  from  the  equator,  the  length  of  the  day  variei 
with  the  season  of  the  year,  the  variation  becoming  more  striking 
as  we  approach  nearer  to  the  poles.  The  following  table  oontaim 
the  length  of  the  longest  day  for  different  geographical  latitudes : 


At  the  equator,  therefore,  the  variation  in  the  day's  length 
cannot  exercise  any  influence  upon  the  course  of  the  heat  in 
the  different  seasons  of  the  year.  As  the  inequality  in  the  length 
of  the  days  is  not  very  considerable  even  under  the  tropics,  the 
variation  in  the  length  of  the  day  between  the  tropics  cannot  very 
much  increase  or  diminish  the  differences  of  temperature  between 
the  hot  and  cold  seasons  of  the  year ;  this  is  the  case,  to  a  very 
considerable  degree,  in  high  latitudes. 

In  summer,  when  the  sun's  rays  fall  less  obliquely,  the  son 
remains  longer  above  the  horizon  in  high  latitudes ;  this  longff 
period  compensates  for  what  is  lost  in  intensity  by  the  solar  rajs, 
and  it  thus  happens  that  it  may  be  very  hot  during  the  sumzncr 


Polar  elevftdon. 

Length  of  the  longest  dtj. 

0 

.     12  hours. 

160  44'     .         .    ■ 

•     13    „ 

300  46'     . 

•     14    „ 

49^22'     . 

•     16    „ 

630  23'    . 

•    20    „ 

660  32'     . 

•    24    „ 

670  23'     . 

1  month. 

730  39'     . 

•       3    „ 

900 

.       6    „ 

re 
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even  at  places  which  are  far  removed  from  the  equator^  (at 
pt.  Petcrsburgh,  for  instance,  tl»e  thermometer  sometimes  rises  in 
p  hot  summer  to  30') ;  in  the  winter,  on  the  other  hand,  when  the 
inore  obbquely  falhng  solar  rays  have  only  Uttic  power  of  acting, 
the  day  is  very  short,  and  the  uight,  during  which  period  the  earth 
rndiatcB  its  heat,  extremely  longj  in  consequence  of  which,  the 
lemperature  must  fall  very  low  at  this  season.  The  diderence 
between  the  temperature  of  summer  and  winter  will,  therefore, 
Kenerally  be  greater  the  further  we  remove  from  the  equator. 

At  Bogota,  which  is  4"  35'  N.  of  the  equator,  the  difference 
bf  temperature  between  the  hottest  and  coldest  month  amounts 
only  to  2";  in  Mexico  (19"  25^  N.  lat.)  this  difference  is  8*»,  at  Paris 
(48''  50'  N.  lat.)  27",  and  for  St.  Pctersburgh  (59"  56'  N. 
lat.)  32°. 

\    From  the  above  indicated  considerations  it  follows,  therefore : 
I     1.  That   heat    must   diminish    from  the   equator   towards    the 
|>ole9. 

2-  That  in  the  vicinity  of  the  equator  heat  is  diatributed 
tolerably  equally  over  the  whole  year,  that  consequently  the 
;charactt-r  of  our  seasons  ceases  there  to  be  recogiaiaable. 

3.  That  the  seasons  always  differ  more  in  proportion  as  we 
go  further  from  the  equator,  and  that  at  the  same  time  the 
'difference  between  the  summer  and  winter  temperature  becomes 
always  more  considerable. 

4.  That  even  in  the  neighbourhood  of  the  polar  circles,  the 
anunmer  may  be  very  hot. 

This  we  find  fxdly  confirmed  by  experience,  notwithstanding 
which,  such  a  consideration  can  only  teach  us  roughly  to  kuow  the 

istribution  of  heat  upon  the  earth,  it  being  impossible,  from  the 
geographical  latitude  of  a  place,  to  draw  any  conclusion,  even 
remotely  certain,  as  to  its  climatic  relations. 

If  the  whole  earth's  surface  were   covered  by  water,  or  if  it 

ere  all  formed  of  solid  plane  land,  possessing  everywhere  the 
mc  character,  and  having  an  equal  capacity  at  all  places  for 
absorbing  and  again  radiating  heat,  the  temperature  of  a  place 
wovdd  depend  only  on  its  geographical  latitude,  and,  consequently, 
all  places  having  the  same  latitude  would  have  a  like  climate. 
Now,  however,  the  action  that  may  be  produced  by  the  solar 
rays  is  modified  by  manifold  causes,  the  climate  of  one  district 
depending  not  only   upon   the  direction  of  the   solar  rays,  but 

so  upon  the  circumstances  under  which  they  act,  such  as  the 
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coofunuatiou  of  the  land  and  the  sea,  the  direction  and  lieigbt 
of  the  mountain  range,  the  direction  of  the  prevailing  wind,  4c. 
Hence  it  follows  that  places  of  the  same  geographical  latitude  bare 
frequently  a  very  different  climate,  and  we  may  thns  easily  see 
that  theoretical  considerations  do  not  suffice  as  data,  from  whcoa 
to  draw  conclusions  regarding  climatic  relations ;  the  true  distriha- 
tion  of  heat  over  the  earth's  surface^  can  only  be  3atisfkct47hlj 
ascertained  by  means  of  observations  conducted  for  a  protracted 
term  of  years.  Hvmboldt  was  the  first  who  entered  here  witli 
success  upon  the  course  of  induction^  the  sole  and  only  path 
that  leads  to  truth  in  all  physical  sciences.  On  his  voyages  and 
travels  in  both  hemispheres,  he  collected  with  unwearied  ttx^  fiKti 
which,  by  his  excellent  mode  of  combining  them,  bave  first  laid  the 
foundation  of  scientific  meteorology. 

Observation  of  the  thermometer. — In  order  to  be  able  to  obsent 
aceurntcly  the  temperature  of  the  air  at  different  places,  we  nrnrt 
place  a  good  thermometer  in  the  open  air,  upon  the  north  tide 
of  a  building,  and  3  or  4  decimetres  removed  from  the  will, 
BO  that  it  may  not  receive  the  sun's  rays;  we  must  likewiK 
be  careful  that  there  is  no  white  wall  in  the  neighbourhood,  {ram 
which  rays  of  heat  may  be  reflected  towards  the  thermomeicr. 
If  the  thermometer  should  be  moistened  by  rain,  we  must  care- 
fully dry  the  bulb  five  minutes  before  we  use  it,  for  the  suspcudi'd 
drops  of  water  would,  by  their  evaporation,  lower  the  temperature 
of  the  mercury  in  the  bulb. 

It  is  often  of  the  greatest  importance  to  meteorology  to  Icbb 
the  highest  and  lowest  temperature  that  may  have  prrvaiied 
during  any  intcn'a!,  without  it  being  absolutely  necessary  to 
obaerre  the  exact  moment  in  which  this  maximum  or  minimnn) 
occurs.  This  may  be  effected  by  the  ihennometroffraph,  repK- 
sented  in   Fig.  509,   which  consists  of  two  themiomctcrs,  ibc 

riG.  509. 
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of  which  are  placed  horizontally,  aud  of  which  one  is  a 

Tcurial,  and  the  other  a  spiiit  thermometer.      In  the  tuhe 

the  former  liea  a  steel  pin,  which  is  jmshcd  through  the  cohunn 

mercuT)'  when  the  mercury  in  thcbulb  cxpunds;  when,  however, 

le  thermometer  is  re-cooled  the  mercurial  column  recedes,  while 

le   steel   pin  remains   in  the  position   to  which  it    was   pushed 

the   highest  stand  of  the  thermometer ;  such  a  thermometer, 

[uently,  yields  the  maximum  of  the  temperature  that  may 

ive  prevailed  within  a  certain  period. 

Withm  the  tube  of  the  spirit  thermometer,  is  a  very  fine  glass 
somewhat  thicker  at  its  extremities,  as  nmy  be  plainly  seen  in 
:-  509;  this  gloss  ro<l  lies  within  the  column  of  spirits,  and  on 
the  spirit  cooling  iu  the  bulb,  and  the  fluid  retreating  in  the  tube 
to  the  first  knob  of  this  rod,  the  latter  will  be  carried  away  with  the 
retreating  fluid  column,  when  any  further  sinking  of  the  tempera- 
ture occurs,  owing  to  the  adhesion  between  the  spirit  and  the  glass; 
if,  however,  the  fluid  in  the  bulb  be  again  warmed,  it  will,  on  the 
rising  of  the  thermometer,  pass  by  the  rod  without  carrying  it 
with  it ;  this  index,  which  must  be  made  of  some  darkly  stained 
glsM,  in  order  to  be  made  more  apparent,  remains,  consequently, 
lying  in  the  place  corresponding  to  the  mininura  of  the  tempera- 
ture which  prevailed  within  a  certain  period  of  time. 

"Wlicn  the  bulb  of  the  one  thermometer  liea  on  the  right  side, 
that  of  the  other  is  on  the  left,  and  on  inclining  the  whole 
apparatus,  and  striking  it  gently,  the  steel  rod  will  fall  by  its 
weight  on  to  the  column  of  mercury,  and  the  glass  rod  to  the  very 
end  of  the  column  of  spirit.  l£  we  leave  the  apparatus  thus 
arranged,  the  steel  rod  will  be  pushed  on  by  every  ascent  of  the 
temiieraturc,  while  the  glass  rod  wUl  be  dravtii  back  at  every 
depression  of  the  temperature. 

This  instrument  is  especially  calculated  to  give  the  maximum 
and  minimum  of  the  diurnal  tempcratm*e.  On  setting  it  in  the 
proper  manner  every  evening,  we  may,  the  following  evening,  sec 
what  has  been  the  highcsti  and  what  the  lowest  temperature 
daring  the  last  24-  hours. 

Diurnal  variatimii  of  ternperature. — In  order  to  be  able  accu- 
rately to  follow  all  the  variations  of  heat  in  the  atmosphere  during 
the  24  hours,  we  must  obsene  a  thermometer  at  vcr)'  short 
intervals,  as,  for  instance,  from  one  hour  to  another.  If  such 
ob8er\ations  are  to  be  pursued  for  any  length  of  time,  it  is 
evident  that  they  cannot  be  conducted  by  one  single  individual, 
but  that  many  must  c^joibiue  for  the  same  purpose ;  iu   every  case 
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it  is  very  laborious  to  institute  a  series  of  observations  of  tliii 
kind. 

From  Bucb  series  of  observations  it  has  been  shown  that  the 
ininimun]  of  temperature  occurs  shortly  before  sunrise,  and  the 
maximum  a  few  hours  after  13  at  noon,  somewhat  later  in  summer, 
and  somewhat  earlier  in  winter. 

This  course  may  be  easily  explained.  Before  noon^  whilst  the 
sun  is  constantly  rising  higher,  the  earth's  surface  receives  mon 
heat  than  it  radiates ;  its  temperature  and  that  of  the  atmospben 
must,  therefore,  increase  ^  this  continues  somewhat  beyond  noou; 
but  as  the  sun  sinks  lower,  and  its  rays  become  leas  efiectrve, 
the  heated  earth  radiates  more  heat  than  can  be  supplied  by  the 
solar  rays;  this  cooling  naturally  eontiuues  after  sunset,  until  the 
morning-dawn  announces  the  return  of  the  sun. 

The  diurnal  variations  in  the  thermometer  do  not  always  follow 
'ilia  normal  course,  which  may  frequently  be  disturbed  by  foreign 
influences,  as,  for  instance,  changes  of  weather,  &c. ;  in  order, 
therefore,  to  ascertain  with  exactitude  the  law  of  diurnal  variatuns 
of  heat,  we  must  deduce  the  mean  normal  course  finom  t 
combination  of  as  many  numerous  observations  as  can  possibly  be 
instituted. 

By  taking  the  mean  of  every  24  hours'  observations,  we  obtiiD 
the  mean  temperature  of  the  day. 

As  it  is  unconnnouly  wearisome  and  laborious  to  pursue  for  any 
length  of  time  these  hourly  observations  of  the  thermometer,  it 
is  of  the  gre^itcst  importance  to  meteorology  to  devise  methods  by 
which  the  mean  diurnal  temiierature  may  be  ascertained  witboat 
making  these  hourly  observations.  Twice  in  the  day  the  thermoroder 
must  indicate  the  mean  diurnal  temperatiTre ;  it,  therefore,  Bcems 
the  simjilest  to  calculate  the  hours  in  which  such  is  the  case,  and 
then  limit  our  observations  of  the  thermometer  to  those  period*  of 
the  day ;  such  a  course  may,  howcA'cr,  easily  lead  us  into  errort, 
since  the  thermometer  varies  most  suddenly  exactly  at  this  time, 
and  we  should  thus  commit  a  very  considerable  mistake  in  oar 
calculations,  if  our  observations  were  made  either  a  little  too  etriy 
or  too  late.  A  far  more  correct  result  is  obtained  by  observini 
the  tliermoraeter  at  several  similar  hours,  for  instance,  at  4  and  10 
A.M.,  and  at  4  and  10  p.m.;  this  method  is,  as  Brewster  hs» 
shown,  correct  to  -Ti„th  of  a  degree;  we  Lkcwisc  obtain  a  veiy 
useful  result  by  making  our  observations  at  7  a.m.  at  noon,  and  at 
10  P.M.,  and  then  taking  the  mean  of  these  three  periwls. 

The  mean  of  the  highest  and  lowest  degree  of  the  thermometer 
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during  the  24  hours  varies  so  inconsiderably  from  the  actual  mean 
temperature  derived  from  hourly  observations,  that  we  may  more 
easily  compute  the  mean  diurnal  temperature  by  aid  of  the 
therraometrograph  described  at  page  5()2. 

Mean  temperatttre  of  the  months,  and  of  ike  year. — When  we 
know  the  mean  temperature  of  all  the  days  of  a  month,  we  have 
only  to  divide  the  sum  of  the  mean  diurnal  tcmjjeratures  by  the 
number  of  days,  in  order  to  obtain  the  mean  temperature  of  the 
month. 

On  taking  the  arithmetical  mean  from  the  mean  temperature 
found  for  the  12  months  of  the  year,  we  obtain  (he  mean  tempera- 
ture of  the  year. 

In  order  to  determine  with  exactness  the  mean  temperature  of  a 
place,  we  must  take  the  mean  of  the  mean  temperatures  obtained 
from  a  large  series  of  calculations.  In  general,  the  muaii  annual 
temperatures  do  not  vary  much,  so  that  we  obtain  the  mean 
tempHerature  of  a  place  with  tolerable  accuracy,  even  when  we  only 
know  it  for  a  few  years.  For  Paris  the  mean  temperatures  of  the 
yeftrs  intervening  between  1803  and  1816  were  as  follows : 


I 


10,5*> 

10,3** 

9,9° 

lU 

10,6 

9,7 

9,7 

10,5 

10,5 

11,9 

10,5 

9,6 

10,8 

9,9 

The  highest  of  these  mean  annual  temperatui-ea  varies  only 
about  2,3**  from  the  lowest.  On  taking  the  mean  of  these  14 
numbers,  we  obtain  as  a  mean  temperature  for  Paris  10,2",  whilst 
the  amount  derived  from  a  aeries  of  30  annual  mean  temperatures 
is  10,8*'. 

In  order  to  find  the  true  mean  temperature  of  a  month,  we 
must  know  the  mean  temperature  of  this  month  for  a  series  of 
years,  and  take  the  mean  of  these. 

The  greatest  heat  generally  occurs  in  our  latitudes  some  time 
after  the  summer  solstice,  and  the  greatest  oold  some  time  after 
the  winter  solstice. 

July  is  on  an  average  the  hottest,  and  January  the  coldest 
month.  If  the  period  of  the  highest  and  lowest  temperature  is 
not  exactly  the  same  for  all  places  of  the  same  hemisphere,  the 
difference  is  only  occasioned  by  local  influences. 

We  may,  on  an  average,  consider  the  26th  of  July  as  the 
hottest,  and  the  14th  of  January  as  the  ci»ldcst  day  of  the  year 
for  the  temperate  zone  of  the  northern  hciuisjthcre. 
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It  has  been  proved  from  numerous  obsenratioEtfl  on  temperatarc^ 
that  the  mean  annual  teinperatarc  generally  occurs  on  the  24th  of 
Aprils  and  the  Slst  of  October  in  the  northern  temperate  sone ;  the 
annual  course  of  the  heat  in  these  parts  is  therelcffe  m  foUowi. 
The  temperature  rises  from  the  middle  of  January  at  first  tlowljj 
more  rapidly  in  April  and  May,  and  again  more  slowly  until  the 
middle  of  July,  from  which  period  it  dimini:»hes,  but  slowly  in 
August^  more  rapidly  in  September  and  October^  finally  reaching 
its  minimum  again  in  the  middle  of  January.  This  admits  of  tt 
easy  explanation.  Mlien  the  sun,  after  the  winter  solstice,  agiiD 
ascends,  this  ascent  goes  on  so  slowly,  and  the  days  increase  so  httlc, 
that  as  yet  no  more  powerful  effect  from  the  sun's  rays  ia  poffiUe. 
On  this  account,  the  minimum  of  the  yearly  temperature  oocun 
after  the  winter  solstice;  a  rise  of  temperature  first  takes  pber 
when  the  sun  has  returned  somewhat  farthex  north.  About  the 
time  of  the  equinoxes,  the  sun's  progress  in  the  heavens  toiraRb 
the  north  is  quickest :  the  increase  of  temperature  for  this  xeasoo 
ia  at  this  time  the  most  perceptible. 

When  the  sun  has  attained  ita  highest  position,  the  earth  hM 
not  yet  become  so  warmed  that  the  hcut  which  the  ground  loses  by 
radiation  is  equal  to  the  quantity  of  heat  which  it  receives  from  the 
sun's  rays ;  the  balance  would  only  be  rejstored  after  the  son  Ls+I 
remained  a  longer  time  at  its  northern  solstice.  But  now  theiun 
goes  back  after  its  summer  solstice,  verj'  slowly  at  first.  The  effect 
of  the  Bxm's  rays  ia  for  some  time  quite  as  powerful  as  at  tbe 
moment  of  the  solstice ;  the  temperature,  therefore,  will  stiU  rise 
after  the  longest  day,  and  indeed  even  to  the  middle  of  July,  swl 
then  again  fall.  These  consideration*  lead  to  the  division  of  die 
year  into  four  scasous. 

The  astronomical  division,  when  the  seasons  are  limited  br  dit 
equinoxes  and  aolstices,  is  the  most  suitable  to  meteorology.  1^ 
would  be  better  were  we  to  di\ide  the  year  in  such  a  manner,  ibit 
the  hottest  month  (July)  should  fall  in  the  middle  of  summer,  lai 
the  coldest  month  (January)  in  the  middle  of  winter.  According  to 
this,  winter  would  include  the  months  of  December,  January,  and 
February;  sjiring,  March  April,  and  May;  summer,  June,  July, 
and  August;  and  autumn,  Sc|)ten»ber,  October,  and  November. 
According  to  this  signification  we  must  understand  the  seasotti 
given  in  the  following  table,  which  coutaius  the  mean  annua! 
temperature,  mean  temperature  of  individual)  years,  and  tlw 
hottest  und  coldest  months  for  a  large  number  of  places  scattered 
over  different  parts  of  the  earth's  surface. 
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The  numbers  of  this  table  are  only  mean  numbers,  firom  wliich 
the  true  temperature  inclines  sometimes  towards  one  aide,  some- 
tiraea  towards  the  other,  and  thus,  too,  the  mean  temperatures  of 
the  hottest  and  coldest  months  by  no  means  indicate  the  limiU 
between  which  the  thermometer  may  fluctuate  at  one  and  the  same 
spot.  It  thus  happens,  that  even  in  districts  enjoying  a  warm 
climate  and  a  mild  winter,  an  extraordinary  degree  of  cold  is  often 
felt;  thus,  for  instance,  in  the  year  1507  the  harbour  of  Marseilla 
was  frozen  over  its  whole  extent,  for  which  a  cold  of  at  least,  —  18* 
was  requisite ;  in  the  year  1658,  Charles  X..,  with  his  whole  anny 
and  their  he^ivy  artillery,  crossed  the  little  Belt.  In  1709  the  Gulf 
of  Venice,  and  the  harboiu^  of  Marseilles,  Genoa,  and  Cettc  were 
frozen  over;  and  in  1789  the  thcnnnmcter  fell  at  Marseille*  to 
—  27*^.  The  following  table  gives  the  highest  and  lowest  degreei 
of  teini>eraturc  observed  at  different  places. 


Minimum. 

Maidmom. 

Ditttmo 

Surinam 

.      21,3" 

32,3^ 

Ufif> 

Pondicherry 

.      21,6 

44,7 

23,1 

Eana  (Egypt) 

. 

47,4 

Cairo  . 

.        .       9,1 

40,2 

81,1 

Rome 

-    5,9 

38,0 

43,9 

Baris  . 

—  23,1 

38,4 

61,5 

Prague 

-27,5 

36,4 

62,9 

Moscow 

—  38,8 

32,0 

78,8 

Fort  Reliance  (North  America)  —  56,7 

Considerable  deviations  from  the  normal  annual  course  of  hat 
do  not  occur  loc4illy,  but  arc  scattered  over  wide  districts ;  thus, 
for  instance,  the  winter  of  1821  and  1822  was  very  mild  in  Europe, 
but  in  the  December  of  the  latter  year  a  severe  cold  prevailed  ow 
the  whole  of  Western  Europe,  a  similar  very  considerable  dc\'j»- 
tion  never  has,  however,  been  spread  over  an  entire  hemisphere. 
The  northern  hemisphere  is  generally  divided  in  a  northern  to  a 
southern  direction  into  two  halves,  upon  which  opposite  deviatioDt 
from  the  normal  tcnipcratare  may  be  observed;  these  deviations  ait 
gi'catest  in  the  middle  of  the  two  halves,  while  a  more  averaee 
temperature  is  perceived  where  they  approach  each  other. 

Thus,  in  February,  1828,  it  was  very  cold  in  Kasan  ami 
Irkutzk,  unusually  mild  in  North  America,  whilst  Europe 
remained  unaffected  between  these  two  opposite  deviations.  In 
December,  1829,  this  maximum  of  cold  inclined  towards  Berlin, 
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rhile  it  also  continued  to  be  very  marked  at  Kasati ;  in  North 
terica,  however,  the  weather  was  unusually  mild,  but  in  Dccera- 
!r,  1831 J  the  excessive  cold  was  limited  to  America.  Generally 
sp(?aking,  these  deviations  from  the  average  range  of  heat  are 
observed  to  be  similar  in  Europe  and  Asia,  and  opposite  in 
America. 

Frequently,  although  not  so  remarkable,  the  boundary  line  of 
opposite  deviations  runs  from  east  to  west. 

A  deviation  from  the  mean  temperature  oricn  continues  for  a 
long  time  in  the  same  direction.  Thus,  from  June,  1815,  to  the 
December  of  1816,  there  prevailed  in  Europe  an  unusually  low 
degree  of  temperature,  which  occasioned  the  failures  in  the  cropti 
in  1816  ;  1822  was  a  remaukable  year  for  the  vines,  the  unusual 
heat  continuing  then  from  November,  1821,  to  November,  1822. 

From  this  it  follows,  that  the  opinion  so  prevalent  of  a  cold 
winter  succeeding  a  hot  summer,  and  a  warm  winter  a  cold  summer, 
is  altogether  erroneous,  since  the  contrary  often  occurs,  as  may  be 
seen  from  the  examples  above  given ;  thus,  too,  the  hot  summer  of 
1834  succeeded  a  very  mild  winter. 

These  deviations  from  the  mean  range  of  beat  are  more  marked 
in  winter  than  in  summer. 

From  all  this  it  appears  highly  probable  that  the  same  quantity 
of  heat  is  always  dii^tributcd  over  the  earth^a  surface,  although 
unequally.  A  cold  winter  is  the  consequence  of  a  long  prevalence 
of  north-cast  winds,  and  a  cold  summer  is  indiiccd  by  the  conti- 
nuance of  south-west  winds;  these  alternating  exclusively  prevalent 
currents  of  air  being,  as  Dave  has  shown,  the  controlling  agents  in 
the  relations  of  weather.  If  a  hot  summer  is  to  succeed  a  cold 
winter,  the  north-east  wind  must  prevail  throughout  the  whole 
year;  while,  on  the  other  baud,  the  wind  must  blow  chiefly  from 
the  south-west  for  the  same  space  of  time  to  bring  a  cold  summer 
after  a  mild  winter. 

Isothemml  Unes. — A  table  of  the  kind  given  at  page  507, 
contains  many  of  the  elements,  from  which  wc  may  calculate 
the  distribution  of  heat  over  the  earth's  surface.  At  all  events, 
we  may  sec  from  such  a  table  that  all  places  lying  under  the  same 
degree  of  latitude  have  not  the  same  mean  temperature.  Thus, 
for  instance,  the  mean  annual  heat  at  the  North  Cape  is — 0,1"; 
whilst  Nain,  on  the  coast  of  Labrador,  has  a  mean  annual  tempera- 
tore  of  — 3,6*^,  although  Labrador  is  l^''  south  of  the  North 
Cape.     Humboldt  was  the  first  to  give  us  a  clear  view  nf   the 


610 


ISOTHBRMAL    UNBft. 


distribution  of  heat  over  the  earth,  making  use,  for  thw  purpow, 
of  his  isothermal  lines,  by  which  he  connected  together  all  »ndi 
places  in  the  same  hemisphere  having  equal  mean  aimual  tempera- 
tures. 

If  we  suppose,  for  instance,  «  traveller  starting  from  Pahs  Ko 
make  a  journey  round  the  earth  in  such  a  manner  as  to  riat  all 
places  of  the  northern  hemispheres  which  have  the  same  mew 
annual  heat  as  Paris,  that  is,  10,8*,  the  course  he  will  thus  pursue 
will  be  a  line  of  equal  mean  annual  heat^  consequently  an  isoihtfmd 
line  :  this  line,  instead  of  corresponding  with  the  di'grec  of  latttade 
of  Paris,  will  he  irregular  and  curved,  passing  through  plMn 
having  a  verj*  different  latitude  from  Paris. 

Fig,  510  represents  the  earth's  surface  in  Mereator's  proport 
with  the  isothermal  lines  at  e\'ery  6  degrees.  At  the  terrc^tnil 
equator,  the  mean  temperature  of  the  sea-coast  is  27,5",  altliough 
somewhat  less  upon  the  western  coast  of  Auieric*  and  Africa;  id 
the  interior  of  these  two  continents,  especially  iu  that  of  Africs. 
the  mean  temperature  is  higher  than  on  the  sea-shore,  the  uinm 
temperature  of  the  equator  in  the  latter  continent  is  alxn-e  29". 

An  examination  of  the  chart  in  Fig.  510  will  spare  ua  a  furtlicr 
description  of  the  course  of  the  isothermal  lines.  Wc  observe  how 
considerable  their  curves  become  in  the  northern  hemisphere  the 
fiu'ther  we  remove  from  the  equator ;  the  isothermal  line  of  0*, 
for  instance,  ascends  from  the  southern  end  of  the  coast  of  Labrt- 
dor  across  Iceland  towards  the  North  Cape,  in  order  to  decline 
again  ronsiderabiy  in  the  interior  of  Asia. 

Where  the  isothermal  lines  incline  the  farthest  towards  thr 
south,  they  describe  a  concave;  and  where  they  ascejid  the  bigbett 
towards  the  north,  a  convex  vertex.  The  southern  turning  point*  of 
the  isothermal  lines  he  in  the  east  of  North  America  and  in  the 
interior  of  Asia,  while  the  northern  turning  pointa  lie  on  ^ 
western  coasts  of  Europe  and  America. 

The  relations  of  temperature  of  the  southern  hemisphere  are  IK* 
nearly  so  perfectly  known  to  us  as  those  of  the  northern  hemi- 
sphere; we  may,  hfm'evcr,  consider  it  as  established,  that  thr 
southern  is  colder  than  the  northern  hemisphere,  although  ibr 
difference  may  perhaps  be  less  considerable  than  we  arc  generally 
disposed  to  assume  it.  The  circumstance  that  has  probably  con- 
tributed to  the  opinion  that  the  southern  is  so  much  colder  than 
the  northern  hemisphere^  is,  that  the  relations  of  temperature  of 
the  southern  part  of  America  have  been  compared  with  thoe>e  of 
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like  uortheni  latitudes  in  Europe,  where  the  iaothennal  luu» 
ascend  so  very  considerably  to  the  north ;  the  matter  is  very 
different  when  we  compare  districts  of  South  America  with  tho« 
lying  equally  far  from  the  eqtiator  on  the  east  side  of  North 
America. 

That  the  southern  heimsphere  is  somewhat  colder  ibau  iLc 
northern,  arises  probably  from  the  fact,  that  in  the  former  water, 
and  in  the  latter  land  predominates.  The  continent  ia  moch 
more  heated  by  the  absorption  of  the  sun's  rays  than  the  Ki, 
which  reflects  a  great  portion  of  them. 

Isothermal  mid  isochimenal  lines. — We  have  thus  stated  that  aD 
places  lying  on  the  same  parallel  circle  have  not  the  same  climate ; 
here,  however,  the  question  arises,  whether  all  places  on  the  eanic 
isothermal  lines,  consequently  such  as  have  the  same  mean  anniul 
heat,  have  likewise  otherwise  equal  climatic  relations.  Wc  need 
only  look  at  the  tabic,  page  507,  in  order  to  convince  our- 
selves  that  such  is  not  the  case.  Thus,  for  instance,  Edlnbar|:fa 
and  Tubingen  have  the  same  mean  annual  temperature  of  8,6** ;  it 
the  former  place,  however,  the  mean  temperature  of  winter  is  3,<y, 
at  the  latter  0,2" :  Tubingen  consequently  has  a  far  colder  wiiiicr 
than  Edinburgh.  But  then,  again,  the  mean  summer  temperature 
of  Tubingen  is  17,1^  while  it  is  only  14>,4P  for  Edinburgh,  ^'ith 
a  hke  mean  annual  temperature,  Edinburgh  has,  therefore,  a  milder 
winter  and  a  colder  summer  than  Tubingen. 

In  order  to  know  the  relations  of  heat  of  a  country,  it  is  DOl 
sufficient  to  be  acquainted  with  its  mean  annual  temperature, 
must  also  know  how  heat  is  distributed  during  the  difi 
seasons  of  the  year.  This  distribution  may  be  shown  upon  an 
isothermal  chart,  by  setting  down,  according  to  Humboldt's  idei, 
the  mean  summer  and  winter  temperature  against  the  different 
places  upon  one  and  the  same  isothermal  line,  which  could  QoC  be 
done  on  our  isothermal  chart,  owing  to  its  small  size ;  we  shall 
thus  see,  iLui  in  the  unmediate  vicinity  of  the  convene  summit  of 
the  isothermal  lines,  the  differencea  between  the  mean  summer  and 
winter  temperature  are  the  least;  the  same  reasons,  conseqiicntlj, 
which  cause  the  isothermal  lines  upon  the  western  coast  of  Eiirof* 
and  America  to  rise  so  far  to  the  northward,  make  the  diffenmcic 
between  the  summer  and  wiuter  temperature  leas  considcnblfr 
A  very  good  idea  of  the  distribution  of  heat  in  winter  and 
summer  may  be  obtained  by  means  of  a  chart,  in  which  all  plaMi 
having  the  same  mean  winter  temperature  arc  connected  togetJier 
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by  curved  lines,  as  are  also  all  the  places  that  have  the  same  mean 
fliumner  temperature.  The  lines  of  like  mean  winter  tcmperahire 
are  termed  isochimenal,  and  those  of  like  mean  sunnner  temperature, 
iso/hermtii.  Fig,  511  represents  a  small  chart  nf  Europe  with  the 
isothermal  and  isoehimenal  lines  drawn  at  every  5  de«n'eos. 


no.  511. 


10° 


—20" 


^25*» 


The  curves,  whose  corresponding  temperatures  are  on  the  right 
side  of  the  chart,  are  the  isochmenalj  and  the  other  the  isothermal 
lines.  M^e  may  easily  see  from  tliis  chart,  that  the  western  coasts 
of  the  southern  part  of  Norway,  Denmark,  a  portion  of  Bohemia 
and  Hungary,  Transylvania,  Bessarabia,  and  the  southern  extremity 
of  the  peninsula  of  the  Crimea,  have  the  same  mean  winter  tem- 
perature of  0".  Bohemia,  however,  has  the  same  summer  heat  as 
the  districts  lying  at  the  mouth  of  the  Garonne,  and  in  the  Crimea 
the  summer  is  far  hotter.  Dublin  has  the  same  mean  winter  tem- 
perature, viz.  5",  as  Nantes,  Upper  Italy,  and  Constantinople,  with 
the  same  summer  heat  aa  Drontheim  and  Finland. 

The  isothermal  line  of  20"  passes  from  the  nmuth  of  the 
Gaionne,  nearly  over  Strasburg  and  Wurzburg  to  Bohemia,  the 
Ukraine,  the  country  of  the  Don  CosHacks,  somewhat  to  the  north 
of  the  Caspian  Sea;  how  different,  however,  is  the  mean  winter 
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temperature  at  different  places  upon  this  line  I  On  the  western 
coasts  of  France  it  is  5",  in  Bohemia  0^,  in  the  Ukraine  —  5^  md 
somt'what  to  the  north  of  the  Caspian  Sea  even  —  ICP. 

Tlie  climaie  on  land  and  at  sea, — The  consideration  of  the  UjI 
map,  and  the  tahle  at  page  507,  lead  us  to  the  important  differ 
rence  between  the  climate  at  sea  and  on  the  land,  or  as  we  oaiy 
also  c-xprcBS  it,  between  the  continental  and  littoral  climate  Tbc 
differences  between  the  summer  and  winter  temperature  incrtaac 
with  the  distance  from  the  sea ;  on  the  sea-side  the  summers  sit 
cool  and  the  winters  mild,  whilst  in  the  interior  wo  have  bot 
siminiers  and  cold  winters.  These  differences  apj)ear  very  marked, 
on  comparing  the  relations  of  temperature  of  the  weatcm  shows  of 
Europe  with  those  of  northern  Asia.  In  order  to  be  able  easily 
to  mai'k  the  relation  of  the.  mean  annual  temperature  to  the  distn* 
bution  of  heat,  wc  have  sat  down  from  examples  derived  from  the 
tablcj  page  507,  the  mean  annual  temperature  first,  the  mein 
summer  temperature  above,  and  the  mean  winter  tempenUure 
below  a  horizontal  Une : 


Littor&l  climate. 


North  Cape    .     .  0,1  -^ 
12,0 


Beikiavig 


.  4,0 


-1,6 


ContinenUl  cUmstc 
Jakuzk     .     .  —  9,7 

Irkuzk      .     .  —  0,2 


— 3W 
15,9 

—17,6 

Moscow    .     .  —  3,6  ^|f,Q 


The  influence  that  such  climatic  differences  must  exercise  npon 
vegetation  is  evident.  Thus,  in  many  parts  of  Siberia,  at  Jaknxk, 
for  instance,  where  the  mean  annual  tompemture  is  —  y,70,  «We 
the  mean  winter  temperature  is  —  38,9",  wheat  and  rye  are 
raised  upon  a  soil  which  remains  constantly  ftrozen  at  the  depth  (/ 
8  feet;  while  in  Iceland,  where  the  mean  tempeniture  '>f  the 
year  is  very  much  higher,  and  the  winter's  cold  but  inconside- 
rable, it  is  impossible  to  raise  any  of  the  cereals,  as  the  lov 
summer  tcmpeniture  does  not  suffer  them  to  ripen. 

In  the  north-east  of  IrtJand,  where  there  is  scarcely  any  ice  <f 
frost  in  the  winter,  at  the  same  latitude  aa  Kcinigsberf^,  the  myrtk 
thrives  as  well  as  in  Pdrtugal ;  nn  the  coast  of  Devonshire^  tli* 
Camellia  Japonica  and  the  Fuchsia  Coccinen  live  thmuerh  the 
winter  in  the  open  air;  the  winter  is  not  colder  in  PIvmoutli 
than  in    Florence  and  Montpellier;    the  vine  will  not  thrirt  Id 
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£Dg1and,  however,  fofj  although  it  can  endure  a  tolerably  strong 
degree  of  cold,  it  requires  a  hot  summer  to  make  the  fruit  ri])L*n 
and  vield  a  drinkable  wine. 

These  differences  arc  ov^ing  to  the  more  easy  absorption  and 
radiation  of  heat,  wliich  becomes  heated  and  again  cooled  more 
rapidly  than  the  sea,  which  by  the  continent  is  everywhere  *if 
an  uniform  nature,  and  from  its  transparency  and  the  consider- 
able amoimt  of  »|K;citic  heat  of  water,  is  neither  so  rapidly  heated, 
nor  so  speedily  deprived  of  the  heat  it  has  once  acquired.  The 
temperature  of  the  surtacc  of  the  sea  is  on  that  account  far  more 
unifonn,  the  diurnal  as  well  as  the  annual  alternations  are 
incomjmrably  less  than  in  the  middle  of  large  eonliuents,  whence 
arisen  the  above-mentioned  difference  between  the  climate  on  the 
land  and  at  sea ;  it  is  Uke^^ise  augmented  by  the  sky,  which  is 
mostly  overcast  on  the  shores  of  countries  lying  towards  the  north, 
and  tempers  the  heating  influence  of  the  solar  rays  in  summer,  and 
checks  the  excessive  cooling  of  the  earth  in  winter  by  radiation 
of  heat. 

Causes  of  the  curvaiure  of  Uie  hothentml  lines, — The  most 
important  causes  that  contribute  to  the  curvature  of  the  isothermal 
lines  80  much  to  the  north  on  tlie  western  shores  of  Europe  and 
America,  are  essentially  as  follows : 

In  the  northern  temperate  zone,  south-west  and  north-east 
winds  prevail.  The  former  come  from  the  equatorial  districts, 
and  partially  Ijcar  the  heat  of  the  tropics  towards  colder  regions ; 
this  warming  influence  of  the  south-west  winds  is,  however, 
most  mai'ked  in  those  districts  which  are  the  most  exposed  to 
Bouth-westem  currents  of  air,  and  thus  we  see  why  it  is  that  the 
western  shores  of  great  continents  become  warmer  than  the  eastern 
coasts,  and  that  the  isothermal  lines  in  Europe,  which  is  actually 
onlv  a  peninsular  prolongati<>n  of  the  Asiatic  continent,  and  on  the 
western  shores  of  North  America,  ascend  further  to  the  north 
than  in  the  interior  of  Asia,  and  on  the  eastern  shores  of  North 
America. 

A  second  cause,  to  which  Europe  owes  its  relatively  warm 
climate,  is  this,  that  in  the  equatorial  region  it  is  bounded  towards 
the  south,  not  by  a  sea,  but  by  an  extensive  continent,  Africa, 
whose  vast  extent  of  desert  and  sand  render  it  extremely  hot  when 
exposed  to  the  vertical  solar  rays.  A  warm  current  of  air  rises 
continually  from  the  glowing  hot  sandy  wastes,  to  descend  again  in 
Europe. 
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Finally,  the  currcut  known  by  the  name  of  the  Gulf  Strtam 
coutributcB  considerably  to  make  the  European  climate  mOder.; 
The   origin    of   this   current    is   to   be   sought    for   in   the   Gi 
of  Mexico,  where  the  water  is  at  a  temperature  of  3P.     Issuinrl 
from  the  Gulf  between  Cuba  and   Floiida^   the   stream  at  fint 
aVirts  the  American   shores,  and  then,   as    it  comes  into  higher 
latitudes,  turns    with   decreasing   temperature   eastward   towards 
£urope.     Although  the  Gulf  Stream  does  not  actually  reach  tb»| 
shores   of  Europe,   it  nevertheless   distributes  its  heated  waten^' 
under   the  inllucnce  of  the  jirevailing  south-west    winds,  to  tbftj 
Eiuropcan  waters,   as  is  proved   by  our  finding,  on   the 
shores  of  Ireland  and  on  the  coast  of  Norway,  the  fruits  of 
that  grow    in   the   hot  zone   of  America ;    the    west    and   soul 
winds  remain,  therefore,  long  in  contact  with  a  sea  water,  whose 
temperature   between  45    and   50   degrees  of  latitude    does   not 
even  in  January  sink  below  from  10,7  to  9".     Northern   Europe 
is  thus  separated  by  the  influence  of  the  Gulf  Stream  from  tbc 
circle  of  polar  ice  by  means  of  a   sea   free   from   ice ;    even  at 
the  coldest   season   of   the  year  the  limits  of  polar  ice  do   not 
reach  the  European  shores. 

Whilst  all  circimistanees  thus  combine  to  raise  the  temperature 

in  Europe,  many  causes  contribute  in  Northern  Asia  to  lower  tbel 

isothermal  lines  very  considerably.     In  the  south   of  Asia  thrrt 

are  no  extensive  districts  of  land  betwcicn  the  tropics,  but  mrrrly 

a  few  peninsulas  comprised  within  this  zone ;  the  sea,  however, 

does  not  become  so  much  hcatt^d  as  the  African  deserts,  partly 

because  the  water  absorbs  rays  of  heat  to  an  incomparably  smaller 

extent,  and  partly  also  because  a  great  quantity  of  heat  goes  of 

in  the  latent   state,  owing  to  the  constant  evaporation  of  wat*f 

from  the  surface  of  the  sea.     The  warm  ciurents  of  air,  which,, 

rising   from   the  Imsin   of  the  Indian  Ocean,  would  convey  the 

hcjit  of  the  tropics  to  the  interior  and  north  of  Asia,  are  impeded] 

in  their  course  by  the  huge  moiuitain  ranges  in  the  south  of  Aom,] 

whilst  the  land,  which  gradually  flattens  towards  the  north,  is  left 

exposed    to   the   north   and   north-east   winds.      While    Europal 

does  not  stretch  far   northward,  Asia  penetrates   a    c<msiderible| 

way  into  the  Arctic  Sea,  which,    deprived  of  all    those  heating 

influences  by  which    the    temperature  of  the    European   ttesM  u 

raised,  is   almost   always   covered   with    ice.     In    every  direction 

the    northern    shores    of  Asia  penetrate    the    wintry   limits  uf 

the  polar  ice,  the  summer  boundary  of  which  is  only  rcmovod 
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for  ft  stiort  time  and  at  a  few  places  from  the  coasts ;  that  this 
circumstance,  however,  must  considerably  lower  the  temperature, 
will  be  easily  understood  when  we  con«ider  how  much  heat 
becomes  latent  by  the  fusion  of  such  masses  of  ice. 

The  considerable  depression  of  the  isothermal  lines  in  the 
iotcrior  and  upou  the  eastern  shores  of  North  America,  depends 
in  part  upon  the  south-west  winds,  which  not  being  sea,  but  land- 
iirinds,  are  therefore  unable  any  longer  to  diffuse  the  milder 
influence  that  they  exert  upon  the  weatcm  shores.  Whilst  the 
European  shores  are  washed  by  warmer  waters,  cold  sea-currents 
come  from  the  north  and  south  towards  the  eastern  shores  of 
North  America.  Such  a  current,  coming  from  Spitzbcrgcn,  passes 
between  Iceland  and  Greenland,  and  then  combines  with  the 
rurrents  that  come  from  Hudson*s  B(iy  and  Baffin^s  Bay,  passes 
down  the  coast  of  Labrador,  past  Newfoundland,  and  empties 
stj»elf  finally  in  the  Gulf  Strewn  at  4^'  N.  lat.  This  arctic  current 
bears  the  cold  of  the  polar  regions,  partly  by  the  low  temperature 
of  the  water,  but  chietly  by  floating  icebergs,  into  the  southern 
districts,  and  thus  becomes  a  main  cause  of  the  considerable 
depression  of  the  isothermal  lines  on  the  eastern  coasts  of 
America. 

Temperature  of  the  ground. — W'c  have  hitherto  only  spoken  of 
the  temperuture  of  the  air,  and  not  of  that  of  the  uppiT  layers  of 
the  groiuid,  which  vary  considerably  from  the  temperature  of 
the  air,  according  to  the  nature  of  the  surface.  MTicre  the 
•oO  is  barren,  deprived  of  vegetable  gi'owths,  stony  or  sandy, 
it  becomes  far  hotter  by  the  absoq)tion  of  rays  of  heat  than 
one  that  is  covered  with  plants ;  for  instance,  a  piece  of  incadow- 
land  becomes  much  cooler  by  nocturnal  radiation  than  the  air, 
whose  temperature  is  made  more  uniform  by  the  effect  of  con- 
tinued currents.  In  the  deserts  of  Africa,  the  heat  of  the  sand 
often  amounts  to  from  50  to  60^.  A  soil  covered  with  vegetable 
growths  remains  cooler,  owing  to  the  solar  rays  not  striking  it 
directly;  the  plants  themselves  combine,  to  a  certain  degree,  a 
Urge  amount  of  heat,  whilst  a  quantity  of  water  is  evaporated  by 
vegetation ;  but  they  cool  so  considerably  in  their  great  capacity  of 
emission  of  heat  by  radiation,  as  we  shall  sec  when  we  come  to 
speak  of  the  formation  of  dew,  that  the  temperature  of  the  grass 
often  falls  from  6  to  9^  below  that  of  tlie  air.  In  the  interior  of 
woods  and  forests  the  air  is  constantly  cool,  owing  to  the  thick 
leafy  covering  acting  in  the  same  cooling  manner  as  the  covering 


518  TEMFBRATURE  OP  THE  OROUNO. 

of  grtas,  and  because  the  cooled  air  is  precipitated  upon  the  tops 
of  the  trees. 

The  heat  on  the  uppermost  surface  of  the  ground  can  onSj 
penetrate  to  the  interior  by  degrees,  owing  to  its  imperfect  cafMcitj 
for  conducting  heat ;  the  deeper  layers  of  the  soil  lose  their  heat 
less  rapidly  than  the  upper  ones,  and  thus  at  some  little  depth  the 
variations  of  temperature  are  less  marked  than  on  the  miftct 
itself.  In  Grermany  these  variations  of  temperature  disappear  tt  a 
depth  of  6  decimetres,  and  at  a  greater  depth  the  annual  vaiiatioiu 
even  vanish ;  so  that  a  temperature  prevaib  here  differing  but  little 
from  the  mean  temperature  of  the  place. 

Although  all  the  heat  upon  the  earth's  surface  comes  from  the 
sun  alone,  the  earth  has  also  its  own  peculiar  heat,  as  may  be  proved 
by  the  increase  of  temperature  observed  at  great  depths.  If  the 
heat  augment  towards  the  centre  of  the  earth  in  the  same  propw- 
tion  as  our  observations  indicate,  at  the  depth  of  3200  metres, 
there  would  be  a  temperature  equal  to  that  of  boiling  water,  whfle 
at  the  centre  of  the  earth  all  bodies  would  be  in  a  state  of  fusion. 
That  upon  the  surfece  of  our  planet  wc  perceive  nothing  of  this 
intense  heat  of  its  interior  may  be  explained  by  the  bad  capacity 
for  conducting  heat  possessed  by  the  cooled  earth's  crust  which 
sun-()«nds  this  glowing  nucleus. 

Springs  that  yield  the  most  copious  supply  of  water  vary  but 
little  in  their  tenipcratiurc  at  the  different  seasons ;  in  our  hemi- 
sphere they  attain  their  highest  temperature  in  September,  and 
their  lowest  in  March ;  the  difference  between  the  two  amounting 
generally  to  only  1  or  2^. 

Springs  which  arise  from  a  great  depth  have  a  far  higher  tom- 
])erature,  as  is  the  case  with  salt  and  other  mineral  springs.  The 
water  of  many  of  these  salt  springs  has  almost  the  temperature  of 
the  boiling  point. 

Decrease  of  temperature  in  the  upper  regions  of  the  air, — The 
heating  of  the  air  arises  from  two  causes :  in  the  first  place  it 
absorbs  a  part  of  the  rays  of  heat  coming  from  the  sun ;  but  as 
the  air  absorbs  rays  of  heat  to  a  much  more  inconsiderable  degree 
than  the  earth's  surface,  the  air  is  likewise  much  less  heated  by 
the  absorption  of  rays  of  heat  than  the  ground ;  thus  the  atmo- 
sphere receives  the  greatest  portion  of  its  heat  from  below. 

If  the  air  were  not  an  elastic  fiuid,  the  density  of  the  atmosphere 
would  remain  the  same  for  all  elevations ;  the  strata  of  air  warmed 
upon  the  surface  would  ascend  to  the  limits  of  the  atmosphere,  and 
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the  uppermost  strata  of  the  air  snrrounding  our  earth  would  like- 
wise he  the  warmest.  But  as  the  warm  strata  of  air  expand  in 
tlieir  ascentj  heat  is  absorhed  by  this  expansion^  and  their  tempe- 
xatvure  lowered :  £rom  which  it  follows  that  the  higher  strata  are 
the  coldest. 

We  may  easily  convince  ourselves  that  such  a  depression  of 
temperature  actually  occurs  in  the  higher  regions  of  the  air, 
when  we  ascend  into  these  regions  by  means  of  a  balloon^  or  to 
the  summit  of  some  high  mountain. 

In  the  Alps  an  elevation  of  180  metres  corresponds,  on  an 
average,  to  a  depression  of  temperature  of  1^. 

As  a  consequence  of  the  decrease  of  temperature  with  an 
increase  of  altitude,  the  summits  of  high  mountains  are  always 
covered  with  snow. 

The  limits  of  perpetual  snow  naturally  lie  higher  in  proportion 
as  we  approach  the  torrid  zone. 

The  height  of  the  snow-line  is  as  follows : 


The  coast  of  Norway 

720  metres 

Iceland    . 

.       936     „ 

The  Alps 

.    2706     „ 

Mount  Etna     . 

.    2905     „ 

The  Himalayas 

.     4500     „ 

Meicico    . 

.     4500     „ 

Quito      . 

.     4800     „ 

CHAPTllB 

I  II. 

ON   THE   PBESSUBE    OF   THE   ATMOSFHEKE    AND   WINDS. 

We  have  already  seen  that  the  pressure  of  the  air  is  measured 
by  the  barometer.  We,  however,  observe  constant  variations  in 
this  instrument^  indicative  of  an  alternate  decrease  and  increase  in 
the  pressure  of  the  atmosphere. 

These  variations  of  the  thermometer  are  either  periodical  or 
accidental. 

Periodical  variations  are  very  marked  in  their  character  in  the 
tropics;  for  instance,  the  thermometer  falls  from  10  a.m.  to  4  p.m., 
then  rises  until  11  p.m.  j   falls  again  till  4  a.u.^  and  again  rises 
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^til  10  A.M.     The  barometer  thus  indicates  two  daily  luaiuiUf  it 
10  A.M.  and  at  11  r.M.,  and  two  minima,  at  4-  a.m.  and  at  4  r.n. 

The  amount  of  these  diurnal  variations  is  about  2"". 

All  annual  period  of  the  Huctuation^  of  the  barometer  ui  alu 
very  strongly  marked  within  the  tropics.  Thus,  north  of  ikt 
equator  the  barometer  falls  from  January  till  July,  and  then  riics 
again  from  July  to  January'.  In  July  the  barometer  stands,  oom 
avcrag^e,  from  2  to  4  mdlimetres  lower  than  in  January*. 
KJn  higher  latitudes,  the  accidental  fluctuations  of  the  barometer 
^n  so  considerable  as  to  make  one  lose  sight  of  the  tritlmg  periodic 
variations  presented  in  these  regions.  In  order  to  decide  whether 
there  is  not  also  a  pcrit^dical  rise  and  fall  in  the  accidental  oscilla- 
tions of  the  barometer,  it  is  necessary  to  compare  the  mean  num- 
bers of  a  large  series  of  barometic  obsenations  made  at  regulariy 
settled  hours  of  the  day.  If  we  observe  the  barnmcter  for  the 
term  of  a  month  at  several  lixed  hours  of  the  day,  and  take  the 
mean  of  all  the  observations,  it  will  suffice  to  prove  the  esisti!oee 
of  a  diurnal  period  of  the  fluctuations  of  the  barometer  even  fo 
our  own  region. 

Observations  of  this  kind  have  proved  that  these  periodietl 
oscillations  occur  even  in  our  latitude,  the  barometer  standing  st 
9  A.M.J  on  an  average,  0,7  millimetres  higher  than  at  2  p.m.; 
the  mean  height  of  the  barometer  is  also  somewhat  less  in 
summer  than  in  winter. 

Causes  of  the  oscillations  m  the  barometer, — The  cause  of  aO 
these  oscillations  is  to  be  sought  for  in  the  unequal  and  coiMUutly 
varjdng  distribution  of  heat  over  the  earth's  surface.  As  tbe 
distribution  of  heat  constantly  varies,  the  equilibrium  is  likewuK 
disturbed  at  every  moment,  and  currents  of  air  arise,  which 
strive  to  restore  the  balance ;  the  air  is  thus  in  consttat 
motion,  sometimea  more  heated  and  then  hghter,  and  at  other 
times  more  cooled,  and  consequently  denser.  As  it  coataiw 
sometimes  more,  sometimes  less  vapour,  the  pressure  of  the  colamitf 
of  air  will  also  be  e.xposed  to  continual  changes,  indicated  by  the 
barometer. 

That  actual  changes  of  temperature  are  really  the  causes  of  the 
oscillations  of  the  barometer,  is  proved  by  their  being  most  iocon- 
siderable  in  the  tropics,  where  the  temperature  \Ttries  so  little; 
in  higher  latitudes,  on  the  contrary,  where  the  variationj  of 
temperature  are  always  more  considerable,  the  amplitude  of  the 
accidental    oscillations  of   the  barometer  is  likewise  very  great: 
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in  sommer,  when  the  temperature  is  generally  less  ichuugc- 

ile,  the  oscillations  of  the  barometer  are  less  than  in  winter. 

Although  we  may  generally  show  that  the  unequal  and  con- 
stantly varying  temperature  of  the  air  must  be  followed  by  con- 
stant changes  in  the  amount  of  the  atmospheric  pressure,  wc  are, 
howeier^  still  for  from  being  able  satisfactorily  to  explain  these 
phenomena. 

If  the  air  is  much  heated  at  any  spot,  it  expands,  the 
column  of  air  rises  above  the  mass  of  air,  and  rests  njwn  the  colder 
parts  summnding  it;  the  ascended  air  consequently  flows  off 
laterally  from  above,  the  pressure  of  the  air  must  decrease  at  the 
warmer  places,  and  the  bai-ometcr  sinks;  in  the  colder  parts, 
however,  the  barometer  ascends,  because  the  laterally  diffused 
air  in  the  upper  regions  of  the  heated  places  is  distributed  over 
the  atmosphere  of  the  cooler  parts. 

Wc  hence  see  why  in  our  districts  the  barometer  stands  on  an 
average  lowest  with  a  south-west  and  highest  with  a  north-east 
wind ;  the  former  winds  bring  us  warm,  and  the  latter  eohl  air. 
Whenever  there  is  a  warm  current  of  air,  the  atmosphere  must 
have  a  greater  height  than  where  the  cold  wind  prevails,  if  the 
prCvMsurc  of  the  whole  column  of  air  is  to  be  equal  at  both  places; 
and  if  such  were  actually  the  case,  the  air  of  the  warm  cuiTcnt 
would  flow  off  from  above,  consequently  the  barometer  would  fall 
when  exjwsed  to  the  warm,  and  rise  when  exposed  to  the  cold. 

In  Europe  south-west  winds  generally  arc  the  ones  which  bring 
rain,  because,  coming  from  warmer  seas,  they  are  saturated  with 
vapour,  which,  gradually  condensing,  falls  as  rain  when  the  wind 
reaches  colder  districts.  In  this  condensation  of  vapour  we  have 
another  reason  why  the  barometer  falls  with  the  south-west  winds. 
As  long,  for  instance,  as  the  vapour  of  water  as  a  gas  forms  a  con- 
stituent of  the  atmosphere,  it  coutribulcs  to  the  atmospheric  pres- 
sure, and  thus  a  portion  of  the  column  of  mercury  in  the  barometer 
Bostained  by  the  vai)Our,  and   the  barometer  falls    when  the 
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vapour  is  separated  by  condensation  from  the  atmosphere. 

As  the  south-west  winds,  which  occasion  a  sinking  of  the  barometer 
in  our  latitudes,  bring  a  damp  air  and  rainy  weather,  whilst  the 
north-east  winds,  which  dry  the  air  and  clear  the  sky,  cause  the 
barometer  to  rise,  we  may  say  that  in  general  a  high  state  of  the 
barometer  indicates  tine  weather,  whilst  its  depressed  condition 
forebodes  the  contrary.  This  is,  however,  only,  as  we  have  before 
remarked,  an  average  rule,  for  the  sky  is   oflen   cloudy  with   a 
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north-cast  wind,  and  clear  with  one  coming  from  the  south- 
west ;  the  statement  is  in  bo  far  true  as  that  the  barometer 
stands  high  or  low  according  to  which  of  these  two  wmds 
prevails,  the  remark  in  the  latter  case  being  nearly  true  on  ui 
average.  We  are  unable  to  account  for  such  anomahc^,  frocn 
oar  insufficient  knowledge  of  the  manifold  elements  which  affect 
the  condition  of  equilibrium  of  the  atmosphere. 

That  a  high  state  of  the  barometer  generally  indicates  clear 
weather,  and  a  fall  of  the  mercury  in  the  barometer  tube  the 
contrary,  is  only  true  for  those  places  where  the  warm  winds  $k 
those  which  bring  the  rain.  At  the  mouth  of  the  river  La  Plats, 
for  instance,  the  cold  south-cast  winds  coming  from  the  sea,  and 
which  cause  the  barometer  to  rise,  are  wind;*  which  bring  raiii^  while 
the  warm  north-west  windsj  that  make  the  barometer  fall,  arc  dry 
land-winds,  and  bring  clear  weather.  To  the  caxise  that  raio 
is  here  conveyed  by  cold  winds  is  to  be  ascribed  the  small  quan- 
tity of  rain  in  these  regions;  whilst  at  the  same  latitude  on  tbc 
western  coast  of  South  iVmeriea  much  rain  falls,  although  hoc, 
too,  the  warm  north-west  wind  comes  from  the  sea. 

Griffin  of  the  winds. — If  in  winter  we  partially  open  the  door 
no,  512.  of  a  heated  apartment  coinmanicatiiig 

with  a  cold  space,  and  hold  a  burn* 
ing  taper  to  the  up|>er  part  of  the 
crevice  (as  seen  in  Fig.  512)  the  oat- 
ward  direction  of  the  tlamc  will  indi- 
cate the  presence  of  a  current  of  air 
passing  from  the  heated  apaitmcot 
into  the  cooler  atmosphere.  As  wc 
move  the  taper  downward,  the  flamfi 
will  constantly  become  more  and 
more  upright ;  until  at  about  the 
middle  of  the  height  it  will  remain 
perfectly  still,  being  no  longer  affected 
by  currents  of  air.  On  moving  it 
downward,  however,  the  flame  will  be  driven  inward.  We  thus 
see  that  the  heated  air  tlows  out  at  the  top  of  the  room,  whilst  the 
cold  air  enters  near  the  floor. 

As  here  the  unequal  warming  of  the  two  spaces  gives  rise  to 
currents  of  air  ou  a  small  scale,  so  docs  the  unequal  and  cvcr-chang- 
ing  warming  of  the  earth's  surface  give  rise  to  those  currents  of 
air  which  we  call  unnds.     Here,  too,  we  may  see  the  air  Bsccfld 
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the  more  heated  rcgitins,  and  flow  off  towards  the  eoldcr  partti, 
whilst  below,  the  air  tlows  tVoui  the  colder  to  the  warmer 
regions. 

MV  have  a  simple  illustration  of  this  in  those  land  and  sea- 
winds,  which  we  so  frequently  obsene  on  the  sea-shore,  especially 
of  islands.  A  few  hours  after  sunri^  a  land-wind  sets  in  from 
the  sea,  owing  to  the  land  being  more  strongly  heated  than 
the  sea  by  the  sun's  rays ;  the  air  rises  over  the  land,  and  flows 
towards  the  sea,  while  from  below,  the  air  is  borne  from  the  water 
towards  the  shore.  This  sea-wind  is  at  first  but  light,  and  only 
perceptible  on  the  coast ;  by  degrees,  however,  it  increases,  and 
then  it  may  be  felt  out  at  sea  at  a  considerable  distance  from 
land  ;  between  2  and  3  p.m.,  it  is  strongest,  afterwards  dying 
away,  until  at  saniset  a  calm  sets  in,  Tlie  land  and  sea  arc  now 
cooled  by  the  radiation  of  heat  towards  the  sky,  the  former, 
however,  more  rapidly  than  the  latter,  and  the  air  then  flows 
towards  the  sea  from  the  lower  regions  of  the  land,  whilst  an 
(»ppositely  directed  current  is  perceptible  in  the  upper  regions  of 
the  air. 

A  rapid  condensation  of  atmospheric  vapour  is  also  to  be 
reckoned  amongst  the  causes,  which  give  rise  to  violent  storms. 
When  we  consider  what  an  enormous  mass  of  water  falls  to 
the  ground  during  a  sharp  shower  of  rain  in  the  course  of 
a  few  minutes,  and  what  an  enormous  volume  this  water  must 
have  comprised  when  suspended  iu  the  air  iu  the  form  of  vapour, 
it  appears  evident  that  a  considerable  rarefaction  of  the  air 
must  be  occasioned  by  this  sudden  condensation  of  vajwur,  and 
that  it  must  rush  with  violence  into  the  rarefied  sjiace,  the 
more  so,  as  owing  to  the  condensation  of  the  vapour,  the 
temperature  of  the  air  is  raised  by  the  liberated  heat,  and  a 
strong  rising  ciu*rcnt  thus  engendered. 

We  often  obsen'e  the  clouds  pass  in  a  direction  different  from 
the  one  indicated  by  the  weather-cock,  and  that  the  higher  cloudti 
move  in  an  op])osite  direction  to  those  below  tliem,  whence  it  is 
evident  that  at  different  elevations  currents  of  air  move  in  contrary 
directions. 

TVade-winds  and  monsoons. — When  Columbus,  on  his  voyage  of 
discovery  towards  America,  saw  that  his  ship  was  di'iveu  on  by  a 
continual  east  wind,  his  companions  became  tilled  with  terror, 
afi  they  feared  they  should  never  be  able  to  return  to  Europe. 
This  wind  of  the  tropics,  which  constantly  blows  from  the  cast 
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to  the  west,  and  so  greatly  excited  the  wouder  of  the  fir» 
navigatora  of  the  15th  century,  is  the  trade-wind.  Seamen  aiail 
ihouiselvcs  of  this  wind  to  sail  from  Europe  to  America,  by  steer- 
ing southward  from  Madeira  to  the  \-icinity  of  the  tropic,  wl 
they  are  then  carried  westward  by  the  trade-wind.  Thia 
so  certain,  and  attended  with  so  little  kbour,  that  the  8] 
sailors  gave  the  name  of  Ladies'  Gulf  [el  Golfo  de  las  DamaH 
to  this  portion  of  the  Atlantic  ocean.  This  wind  also  blow 
in  the  South  Sea,  and  the  Spanish  navigators  let  their  ships  be 
propelled  by  it  in  a  straight  line  from  Acapulco  to  ManiUa- 

In  the  Atlantic  Ocean  the  trade-winds  attend  from  28*  to 
30"  lat.;  but  in  the  great  ocean  (the  Pacific)  only  to  25**  N.  lat 
In  the  northern  half  of  the  torrid  zone,  the  trude-uniid  blows  in 
a  ywrih-east  direction,  and  becomes  more  decidedly  east  as 
it  approaches  the  equator.  The  limits  of  the  trade-wind  are  less 
well  defined  in  tlie  scjuihern  hemisphere,  where  it  has  a  south- 
direction,  and  inclines  more  towards  due  east  the  more  it  appi 
the  equator. 

These  ynxidA  blow  romid  the  whole  globe,   but  as  a 
rule  they  do  not  become  perceptible  within  fifty  German  milet 
from  the  land. 

MTiere  the  north-east  trade-wind  meets  tbe  south-east  trade-wind 
of  the  southern  hemisphere,  the  two  merge  into  a  purely  eastern 
wind ;  which,  however,  is  not  perceptible,  becatisc  the  horixontal 
motion  of  the  air  (which  has  been  heated  by  the  intensity  of  the 
sun's  rays,  and  thus  made  to  ascend)  is  neutralized  by  this 
vertical  motion.  There  would  be  almost  a  perfect  calm  in  thcae 
regions  if  the  \nolent  storms  8cct)mpunying  the  torrents  of  rtiBf 
which  occur  almost  daily  with  thunder  and  lightning,  were  not 
to  disturb  the  calm  of  the  atmosphere,  and  proneut  the  blowing  of 
soft  regular  winds, 

Tliis  zone,  which  separates  the  trade-wintLt  of  both  hcmispheita, 
is  the  region  of  caltns. 

The  little  map  seen  in  Fig.  513,  serves  to  indicate  the 
in  which  the  trade-winds  prevail.  The  middle  of  the  region 
of  calms,  extending  about  6**  in  width,  does  not  coincide  with 
the  equator,  as  we  might  be  led  to  expect,  bnt  lies  to  the  north  af 
it.  During  our  summer  months,  the  2onc  of  these  calms  is 
broader,  and  its  northern  boundary  is  further  removed  from  the 
equator,  whilst  its  southern  line  is  but  little  changed. 

The  cause   why  the  region    of   calms  lies  in    the   northern 
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beminphcrc,  may  be  sought  for  in  the  configuration  of  the  con- 
tinents. 


FIG.    51.1. 


m 
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The  tradc-^inda  may  be  easily  explained.     The  air  that  has 

jn  strongly  heated  in  the  equatorial  regions  ascends,  and  rifling 
over  the  colder  masses  of  air  on  either  side,  flows  upwards 
towai'ds  the  poles,  whilst  below,  it  flows  from  the  poles  towards  the 
equator.  If  the  earth  did  not  rotate  on  its  axis,  the  trade-wind 
in  the  northern  hemisphere  would  blow  directly  from  north  to 
Bouth,  while  in  tlic  southcm  hemisphere  its  direction  would 
be  opposite.  The  earth,  however,  rotates  from  west  to  cast, 
and  the  atmos])here  surruunding  it  partakes  of  this  rotatory 
motion. 

The  nearer  a  place  upon  the  earth's  surface  is  to  the  polt^s,  the 
slower  will  it  move  during  its  twenty-four  hours'  revolution,  becauae 
the  space  it  describes  diminishes  as  it  recedes  from  the  equator. 
The  rotatory  velocity  of  the  mass  of  air  over  the  earth,  is 
consequently  less  near  the  poles  than  it  is  at  the  equator ; 
if  theOj  a  mass  of  air  comes  from  higher  latitudes  to  the  equator, 
it  will  pass  over  districts  with  a  leas  velocity  of  rotation  than 
that  with  which  these  move  from  west  to  east ;  in  relation  to  the 
places  rotating  below  it,  it  will,  therefore,  have  a  motion  from  east 
to  west.  This  motion  combines  with  the  motion  towards  the 
equator  to  produce  a  north-east  in  the  northern^  and  a  south-east 
wind  in  the  southern  hemisphere. 

The  air  which  rises  in  the  equatorial  regions  flows  ofp  on  either 
side  towards  the  direction  of  the  poles.  The  course  of  the  upper 
trade-wind  is  naturally  directly  opposite  to  that  of  the  lower  one, 
being  south-west  in  the  northern,  and  north-west  in  the  southern 
hemisphere. 

We  may  prove  by  fiacts,  that  there  ia  actually  a  trade-wind 
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in  the  upper  rcgjions  of  the  mir ;  thua,  for  instance,  on  the  25lli  of 
Fcbniary,  ISSbj  at  an  eruption  of  the  volcano  of  Co^igutua,  in  the 
State  of  Guatiinala,  the  ashc^  were  ejected  to  the  elcratioii  of 
the  upper  tratle-wind,  and  wore  carried  by  it  in  a  south-west  dure* 
tion,  and  precipitated  on  the  island  of  Jamaica,  although  the  north 
trade-wind  was  blowing  in  the  regions  below. 

At  a  greater  distance  fmm  the  equator,  however,  the  upper 
trade-wind  inclines  more  and  more  towards  the  earth's  snr&ce. 
At  the  summit  of  the  Peak  of  TeucrilFc,  west  winds  ahuost  always 
prevail,  whdst  the  lower  trade-wind  blowa  at  tlie  level  of  Ik 
Bca. 

In  the  Indian  Ocean,  the  regularity  of  the  trade-wind*  i> 
disturbed  by  the  configuration  of  the  laud  Burrounding  thi*  sea— 
for  instance,  by  the  iVsiatie  continent.  In  the  southern  part  of  the 
Indian  Oceiui,  between  New  Holland  and  Madagascar,  the  soaih* 
east  trade-wind  prcAads  throughout  the  year,  while  a  coiutant 
Bouth-west  wind  blows  in  the  northern  part  of  this  ocean  during 
sLx  months  of  the  year,  and  a  constant  north-east  wind  during  the 
remaining  period  of  the  year.  These  regularly  alternating  wind* 
are  called  monsoons. 

The  south-west  wind  blows  from  April  till  October,  wliile  the 
north-east  wind  prevails  during  the  otlicr  months. 

As  during  the  winter  the  Asiatic  continent  is  cooled,  wbilc 
a  greater  heat  is  engendered  in  the  southern  regions,  a  north-eart 
trade-wind  must  naturally  pass  from  the  colder  parts  of  Aaia  tu 
hotter  regions.  At  this  time  too,  the  north-cast  trade-wbd 
is  separated  from  the  south-west  trade-Tiiud  in  the  Indian  Ocean, 
by  the  region  of  calms. 

During  the  summer  months,  the  passage  of  the  south-cast  trade- 
wind  between  New  Holland  and  Madagascar,  is  not  disturbed^ 
whilst  in  the  northern  parts  of  the  Indian  Ocean,  the  wind 
that  had  blown  during  the  winter  from  the  north-castj  is  now 
changed  into  a  south-west  wijid,  owing  to  the  Asiatic  continent 
becoming  so  strongly  heated,  and  a  current  of  air  being  thus 
conveyed  towards  the  north,  which  by  the  rotation  of  the  earth,  i* 
converted  ijito  a  south-M-est  wind. 

Winds  in  higher  latitudes. — The  upper  trade-wind,  which  bring* 
the  air  from  the  equatorial  regions,  falls  more  and  more,  as  hw 
been  already  mentioned,  and  finally  re^iches  the  earth  as  a  itoutb- 
west  wind;  when  beyond  the  region  of  the  trade-winds,  the  two 
currents   of  air   that  pass  from   the    poles   to    the  equator,  and 
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Ijack  from  the  equator  to  the  poles,  no  long:er  blow  over,  but  even 
with  eaeh  other  cncleHvoiiring  to  replace  one  another;  thu»,  on 
the  south-west  or  the  north-caKt  wind  ]>rt'doiiiinalinp  from  time  to 
time,  we  aee  on  the  transition  of  the  wind  from  one  direction 
to  another,  the  currents  of  air  moving  in  all  points  of  the 
weather-cock. 

iVllhough  the  south-west  and  north-east  winds  predominate  also 
in  higher  latitudes,  we  tind  no  regularly  periodic  alternation  in 
their  occurrence,  as  is  the  case  with  the  monsoons  in  the  Indian 
Ocean. 

The  following  table  indicates  the  frequency  of  the  winds  in 
different  countries;  giving  the  number  of  average  times  that  each 
wind  blows  during  every  one  thousand  days. 


CounlrlM. 

N. 

N.E. 

R. 

S.E. 

S. 

sw. 

w. 

N.W. 

England     .... 

82 

Ill 

99 

81 

Ill 

225 

171 

120 

FVance   

126 

HO 

84 

76 

117 

192 

155 

110 

Ocnntay    .... 

84 

98 

119 

B7 

9? 

185 

198 

131 

Dcninark    .... 

G5 

98 

100 

129 

92 

198 

161 

156 

Sweden      .... 

102 

104 

80 

110 

128 

210 

159 

106 

Pmttia 

99 

191 

81 

130 

98 

143 

166 

192 

K.  America    .    .    . 

96 

116 

49 

108 

123 

197 

101 

210 

Laws  of  the  change  of  wind. — Although  the  changes  in  the 
direction  of  the  wind  appear  on  a  superficial  view  to  be  wholly 
devoid  of  rule  in  our  regions,  attentive  obscrN'crs  have  long  since 
made  the  remark  that  winds  generally  succeed  each  other  in  the 
following  order  : 

S.  SJK  W.  NIV.  N.  NE.  E.  SE.  S. 

This  alternation  in  the  winds  may  be  the  most  regularly 
observed  during  the  winter.  The  changes  of  the  barometer  and 
thermometer  which  arc  connected  with  these  changes  of  wind, 
have  been  well  described  by  Dove  in  the  following  words. 

"  When  the  south-west  wind,  constantly  inrrejising  in  force, 
at  length  predominates,  it  raises  the  temperature  above  the 
freezing  point ;  and  the  snow  is  consequently  converted  into 
rain,  whilst  the  barometer  falls  to  the  lowest  mark.  The 
wind  then  veers  round  to  the  west,  and  the  dense  flakes  of  snow 
indicate  the  accession  of  u  eolder  wind  no  less  than  the  rapid 
rise  of  the  barometer,  the  motion  of  the  wcathcr-cockj  and  the 
tliermometer.  A  iwrth  wind  clears  the  heavens,  and  a  norlh-easi 
wind  effects  a  maximum  of  cold  and  of  the  barometer.  This, 
however,   is  gi'adunlly  lowere<l,  and  the  occurrence  of  fine  cirri 
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indicate  by  the  direction  from  which  they  come  the  advent  of  i  mow 
southern  wind,  wliich  is  soon  felt  by  the  barometer,  although  tbr 
weather-cock  may  not  have  experienced  any  change,  and  may  still 
be  pointing  due  east.  The  souUtem  viind,  however,  continue*  lo 
drive  the  eastern  current  downward,  and  on  a  decided  fulliug 
of  the  mercury,  the  weather-cock  points  south-east,  when  iJie 
heavens  a^in  become  gradually  overcast,  and  with  the  inmae 
of  heat,  the  snow  that  had  fallen  with  a  scmth-cast  and  south  wind 
IB  again  converted  into  rain  by  the  aauth-wext  wind.  The  mme 
then  begins  again,  the  change  from  the  east  to  the  west  counic 
being  generally  characterised  by  the  occurrence  of  a  »bort  mtentJ 
of  fine  weather.^' 

The  shifting  of  wind  does  not  always  admit  of  being  at  regu- 
larly traced,  as  is  indicated  above,  there  being  often  a  recurrmce 
of  the  wind  to  its  old  quarter ;  tins,  however,  ia  far  more  frcqocntlj 
obsen'ed  in  the  west  than  the  eastern  points  of  the  compaM.  A 
perfect  change  of  the  wind  in  an  opposite  direction,  as  firom  south 
to  cast,  north,  or  west,  is  very  rarely  observed  in  Europe. 

The  exidanatiou  of  this  law  is  obtained  by  the  generalization  of 
the  explanation  concerning  the  trade-winds. 

If  the  air  from  any  cause  be  driven  from  the  poles  towards  tht 
equator,  it  will  pass  &om  places  having  but  an  inconsiderable 
rotatory  velocity  to  such  as  possess  a  greater  degree  of  speed ;  and 
its  motion  will  thus  acquire  an  eastern  direction,  as  we  hare 
seen  in  the  case  of  the  trade-wind.  On  the  northern  hemispfaerv 
the  winds  which  arise  in  the  north  pass  therefore  in  their  gndual 
progress  through  the  north-east  to  the  east.  If  an  east  wiutl  thus 
arise,  it  will,  if  the  same  causes  continue  in  operation  whicii  hare 
driven  the  air  towards  the  equator,  act  retardingly  upon  the  polar 
current ;  the  air  will  acquire  the  same  speed  of  rotation  as  the 
place  over  which  it  passes,  and  if  the  tendency  to  return  to  the 
equator  still  continue,  the  wind  will  shift  back  to  the  north,  when 
the  same  series  of  phenomena  will  be  repeated. 

If,  however,  after  the  polar  current  has  predominated  for  a  time, 
and  the  direction  of  the  wind  has  become  eastern,  currents  tri  in 
from  the  equator ;  the  east  wind  will  pass  from  south-cast  to  the 
south.  If  the  air  move  from  south  to  north  it  will  reach  places 
having  an  inconsiderable  velocity  of  rotation  with  the  graOcft 
velocity  of  rotation  of  the  polar  regions  nearest  the  equator; 
hastening,  as  it  were,  in  advance  of  the  earth's  surface  which 
rotates  from  west  to  east,  until  the  southern  direction  o(  the  wiuJ 
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n  gradually  changed  to  the  south-wc^t,  and  finally  made  quite 
western.  By  tlie  constant  tendency  of  the  air  to  pass  towards  the 
poles^  the  wind  ifl  made  to  veer  back  a^iu  to  the  south,  exactly 
in  the  same  manner  an  the  east  wind  veers  to  the  north ;  if, 
however,  the  equatorial  current  be  disjdaced  by  a  current  from 
the  poles,  the  west  wind  will  veer  from  north-west  round  to  the 
north. 

In  the  southern  hemisphere^  the  wind  must  necessarily  veer 
mbout  in  an  opposite  direction. 

AVherc  the  trade-winds  blow  in  the  tropics,  there  is  no  com- 
plete rotation  on  tlic  earth's  surface,  the  direction  of  the  trade- 
wind  is,  therefore,  only  inclined  more  towards  the  east  in  its 
motion. 

In  the  region  of  the  monsoon  there  is  only  one  complete 
rotation  in  the  course  of  the  whole  year.  We,  therefore,  see  that 
the  relations  of  the  winds  in  the  tropics  correspond  to  the  simplest 
caac  of  the  law  of  rotation. 

Storms. — Storms  are  the  result  of  a  considerable  disturbance  in 
the  equilibrium  of  the  atmosphere,  depending  very  probably  upon 
a  rapid  condensation  of  vapour,  as  has  already  been  surmised. 

More  recent  investigations  have  shown  that  storms  may,  for 
the  most  part,  be  regarded  as  great  whirlwinds  in  motion. 

Storms  rage  with  much  more  violence  in  the  tropics  than 
in  higher  latitudes;  the  devastations  occasioned  by  these  hurri- 
canes, known  in  America  by  the  name  of  Tornadoes,  are  truly 
frightful.  Thus,  for  instance,  in  the  hurricane  that  devastated 
Guadnloupe  on  the  25th  of  July,  solidly-built  houstrs  were  torn 
up ;  cannons  were  hurled  from  the  top  of  the  paiapets  of  the 
batteries  on  which  they  were  planted;  a  plank  of  about  3  feet  tn 
length,  8  inches  in  breadth,  and  10  lines  in  thickness,  was 
propelled  with  such  force  through  the  air  that  it  i)erforated  the 
stem  of  a  palm  tree,  about  17  inches  in  diameter,  through  and 
through. 

We  often  see  how,  in  calm  weather,  sand  and  dust  are  carried 
by  the  wind  with  a  whirling  motion  through  the  air.  On  the 
approach  of  a  storm,  wc  may  also  notice  larger  whirlwinds  of 
this  kind  carrying  sand,  duat,  leaves  and  straw,  &c,  with  them 
in  their  course.  Hurricanes  are  nothiug  more  than  these  whirl- 
winds on  a  large  scale,  and  are  generally  caused  by  the  struggle 
of  two  winds  moving  in  opposite  directions  in  the  upper 
regions  of  the  air.     They  usually  form  a  double  cone,  the  upper 
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part  of  which,  whose  vertex  indined  downwarda,  consists  of  ft  maw 
of  clouds ;  while  the  lower  cone,  the  point  of  which  is  dircctcil 
apward,  when  formed  over  the  sea,  bikes  and  rivers,  is  compoMx) 


riG.  A 14. 


of  water  or  of  sandj  and  other  bodies  found  on  land.  Tbeie 
hurricanes  are  capable  of  uprooting  trees,  unrooting  houses 
and  hurling  beams  to  a  distance  of  many  hunib^d  paces,  ftt. 
Water  hurricanes  arc  kno^>Ti  as  water  spoutt :  they  often  rwt 
water  to  the  height  of  many  hundred  feet. 


CHAPTER  III. 


OP   ATMOSPHERIC    MOISTUB.B. 

Distribution  of  vapour  in  the  air. — If  on  a  hot  summer's  day  w 
place  a  bowl  filled  with  cold  water  in  the  open  air,  we  observe  lliit 
the  quantity  of  the  water  rapidly  diminishes, — that  is,  it  ewpo* 
rates,  which  means  that  it  is  converted  into  vapour,  and  then 
diHused  through  the  air.  The  vapour  of  water  is,  like  cwy 
other  colourless  transparent  gas,  invinible  to  our  eyea,  the  witffi 
appeanng  to  have  entirely  disappeared  by  evaporation. 

The  water  difiiised  through  the  air  only  becomes  visible. 
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on  reluming  to  its  fluid  condition,  it  fonus  a  mist,  cloudy  dew, 
or  hoar-frost.  In  order,  tiierefore,  to  convince  ourselves  of  the 
existence  of  vapour  of  water  in  the  air,  we  must  condense  it 
py  some  means  or  another. 

I  We  may  immediately  obtain  the  quantity  of  vapfjur  eontained  in 
h  definite  volume  of  air,  on  sucking  the  air  through  a  tube  tilled 
with  hygrometric  subutanees.  We  make  use  of  an  aspirator  for 
the  purpose  of  effecting  a  regular  passage  of  the  air  through  the 
Absorption  tube.  The  aspirator  ia  a  vessel  filled  ^\nth  water,  and 
closed^  excepting  at  two  apertures ;  from  the  one  of  which  water 
constantly  pours  out  through  a  tube,  while  the  other  is  connected 
Irith  the  absorption  tube  in  such  a  manner,  that  an  amount  of  dry 
air  equal  to  the  discharged  water  may  enter  the  vessel.  The 
amount  of  vapour  contained  iu  a  quantity  of  air  sucked  through 
the  absorption  tube  may  be  ascertained  by  weighing  the  tube 
before  and  after  the  experiment. 

This  method  of  determining  the  quantity  of  water  contained  in 
:the  air  entering  the  aspirator,  to  which  various  forms,  more  or 
less  applicable,  have  been  given,  is  somewhat  uncertain,  and  doea 
not  yield  the  amount  of  water  contained  in  the  air  at  a  definite 
moment,  but  merely  the  mean  average  of  its  quantity  during  the 
!  whole  period  of  the  experiment ;  on  this  account,  smaller  and  more 
easily  transportable  apparatus  have  been  constructed,  which  are 
'  known  by  the  name  of  hydrometers. 

It  is  well  known  that  many  organic  bodies  have 
the  property  of  absorbing  vapour,  and  thus  increas- 
ing   proportionably   in    extent.     Amongst   others, 
we  may  mention  hair,  whalebone,   &c.,  as  hygro- 
ipf"  metric  bodies,  and  these  have  therefore  been   em- 

11  ployed  in  the   construction  of  hygrometers.     The 

//         \      best  instrument  of  the  kind  is  the  Hair- hygrometer 
'       invented  by  Saussttre,  and  which  is  represented  in 
Fig.  515. 

The  hair  is  fastened  at  its  upper  end  to  a  little 
tongue  a,  the  other  extremity  passes  over  along 
one  of  the  two  grooves  of  a  pulley,  while  iu  the 
other  groove  a  silk  thread  goes  round  the  pulley, 
*^^^^f*^^^^  supporting  a  Uttle  weight  /  by  means  of  which  the 
hair  is  kept  at  a  constant  tensi(m.  To  the  axis 
of  the  pulley,  an  index   d  is  attached,   which  ])BS8e8  over  the 
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graduated  arc  s  h,  as  the  puUey  ia  tume<l  by  the  ckTngation  or 
shortening  of  the  hair. 

AAlicn  the  instniracnt  is  in  a  damp  atmosphere,  the  hair  absorbs 
a  considerable  amount  of  vapour,  and  is  thus  made  longer,  whik 
in  a  dry  air  it  becomes  shorter,  so  that  the  index  is  of  coozve 
turned  alternately  to  the  one  or  to  the  other  side. 

Tlic  instrvimciit  is  graduated  in  the  following  manner.  In  the 
first  place,  it  is  placed  under  a  receiver,  the  air  within  having 
been  dried  by  chloride  of  calcium  or  by  sulphuric  acid.  The  |MiDt 
of  the  scale  at  which  the  index  stops,  under  these  circumstances,  is 
the  point  of  greatest  dryness,  and  is  marked  with  0. 

The  instrument  is  then  placed  under  a  receiver,  whose 
moistened  with  distilled  water,  which  Ls  likewise  poured  upon 
groundj  on  which  the  receiver  is  placed.  The  space  below  it 
beeomcs  saturated  with  vapour,  and  the  index  then  passes  to  the 
other  end  of  the  scale.  The  point  at  which  it  now  stands,  is 
the  point  of  greatest  moisture,  and  is  marked  100. 

The  space  intervening  between  these  two  points  must  then 
be  dinded  into    100   equal   parts,   which    are  termed  d^ee$  of 

The   relation    of    these    degrees    to   the    quantity   of 
in  the  air  must,  in  the  case  of  every  instrument  of  the  kin<t 
ascertained  by  means  of  experiments,  into  which  wc  cannot  enter 
more  fully  at  present. 

DanieV 8  Hygrometer, — Is  represented  in  Fig.  516;  it  eODSMti 
of  a   cuned   tube   terminating  in   two 
bulbs  ;  the  one  o  is  either  gilt,  or  covered 
with  a  thin  metallic  coating  of  platinum, 
while  the  other  is  wrapped  in  a  piece  \i 
fine  hncn.     The  bulb  a  is  half  filled  with 
ether,  and  contains  a  little  thermometer, 
the  graduated  part  of  which  jienetratci 
into    the    tube    /.       The    apparatus   as 
perfectly  air-tight.     If  ether  be  dropped 
upon   the  ball  b,   it  will  cool   it  by  il» 
evaporation;  in  the  interior  the  vapour  of 
the  ether  will  be  condensed,  and  an  c^spo. 
ration  in  the  bulb  a  thus  occasioned,  since,  to  a  certain  degree,  the 
cthej  distills  over  from  the  warmer  ball  a,  to  the  cooler  one  b,  '  Bj 
the  formation  of  vapour  in  the  ball  a,  heat  will  be  hkewise  absorbed. 
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attd  the  bulb  become  covered  with  a  delicate  dew.  Tlic  origin 
of  this  dew  admits  of  an  easy  explauation.  We  have  seen  above, 
that  in  a  vacuum,  the  force  of  tension  of  steam  cannot  exceed 
certain  Limits,  and  that  the  maximum  of  the  tension  increases 
with  the  temperature.  For  a  temperature  of  68^,  for  instance, 
the  maximum  of  the  force  of  tension  of  steam  is  17,3  milli- 
metres, and  the  corresponding  density  of  the  steam  0,00001718; 
ID  a  vacuum  of  1  cubic  metre,  therefore,  at  a  temperature  of  at 
most  68",  17,18  grms.  of  water  may  be  contained  in  the  form  of 
vapour. 

We  hare,  however,  further  seen,  that  exactly  as  much  steam 
may  be  contained  in  a  space  filled  with  air  as  in  an  equally  large 
vacumn,  and  that  in  this  case  the  force  of  teusion  of  the  air,  and 
the  force  of  tension  of  the  steam  diffused  through  it  correspond. 
At  a  temperature  of  78'*,  17,8  grms.  of  water  may  therefore  be 
contained  as  vapour  in  1  cubic  metre  of  air. 

We  say  the  air  ia  saturated  with  vapour,  when  the  ateam 
diffused  through  it  has  reached  the  maximum  of  the  force  of 
tension  and  density  corresponding  with  its  temperature. 

If  we  bring  a  colder  body  into  an  atmosphere  saturated  with 
moisture,  it  will  cool  the  strata  of  air  most  contiguous,  a  portion 
of  the  vapour  contained  will  be  condensed,  and  precipitated 
upon  the  cold  body  in  the  fonn  of  fine  drops.  In  this  manner 
the  moisture  which  covers  the  windosv  panes  of  an  inhabited 
heated  apartment  is  formed ;  if  the  temperature  of  the  external 
air  be  low  enough,  sufficiently  to  ci>ol  the  panes  of  glass. 

The  air  is  not  always  suturated  with  niotsture,  that  is  to  say, 
it  docs  not  always  contain  as  much  vapour  as  from  its  tempe- 
rature it  might  take  up.  If,  for  instance,  we  assume  that 
every  cubic  metre  of  air  contains  only  13,63  grms.  of  steam 
at  a  temperature  of  78,  the  air  will  not  be  saturated,  since  at 
this  temperature,  each  cubic  metre  of  air  is  capable  of  containing 
17,18  grms.  of  vapour. 

The  temperature  at  which  the  condensation  of  steam  begins, 
that  is,  the  temperature  at  which  the  air  ia  exactly  saturated  with 
vapour,  is  called  the  dew  point, 

DanieVs  Hygrometer  is  intended  for  the  observation  of  this 
dew  point ;  thus,  as  soon  as  the  bulb  a  is  cooled  to  the  tem- 
perature of  the  dew  ])oint,  this  bulb  begins  to  be  covered  with 
moisture,  and  the  temperature  of  the  dew  point  may  be  imme- 
diately ascertained  from  the  thermometer  which  dips  into  the  bulb  a. 
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If  wu  uow  make  use  of  a  table  giving  the  maximum  qiuntitjof 
vapour  of  water  in  a  space  of  1  cubic  metre  for  each  degree  of 
temperature,  we  may  likewise  find  by  means  of  such  a  uWc, 
what  is  the  quantity  of  vapour  of  water  in  the  air  correspoaduDC  to 
the  dew  point  observed. 

August's   Psyckrometer  is  represented  in  Fig.   517,  it 

of  two  thermometers  fastened  to  one  and  tfae 
stand :  the  bulb  of  tlie  one  is  surrounded  by  fip« 
linen,  whilst  that  of  the  otlier  remains  free;  ou 
moistening  with  water  the  covering  of  the  one  boJb, 
the  water  will  evaporate,  and  the  more  rapidly 
in  proportion  as  the  air  is  far  removed  from  its 
point  of  saturation.  The  evaporation  of  the  water 
is,  however,  accompanied  by  an  absorption  of  hett, 
in  consequence  of  which  the  covered  thcrmoroet«r 
falls.  If  the  air  be  perfectly  saturated  witli  moi»- 
ture,  no  water  will  be  able  to  craj^orate,  both 
temperatures  therefore  will  stand  equally  high ;  if, 
however,  the  air  be  not  thoroughly  saturated  with 
va})oiir,  the  covered  thermometer  will  fall  lower 
in  proportion  as  the  air  is  further  removed  from 
the  point  of  saturation.  We  may  judge  of  the 
condition  of  moisture  of  the  air  by  the  diffcrm« 
of  temperature  of  the  two  thermometers. 
Diurnal  and  annual  variation  in  the  quantity  of  water  crmttn^ 
in  the  air. — As  more  vapour  may  be  difiused  through  the  air  at 
a  high  temperature,  and  os  with  an  increaaing  heat  the  water 
evaporates  more  and  more  from  the  surface  of  large  massef  rf 
water  and  from  the  moist  ground,  it  may  well  be  supposed 
the  quantity  of  water  contained  in  the  air  will  diminiah 
increase  in  the  course  of  the  day. 

It  has  been  ascertained  by  experiments  with  the  uhcfft- 
described  instruments,  that  in  general,  the  quantity  of  vapour 
in  the  air  is  increased  as  the  temperature  rises  with  the  ascent 
of  the  sun ;  this,  however,  only  lasts  till  9  o'clock,  when  an 
ascending  current  of  air,  occasioned  by  the  strong  heating  of 
the  surface  of  the  ground,  carries  the  vapour  on  high,  so  that 
the  water  contained  in  the  lower  strnt^i  of  air  diminishes,  althoQ^ 
the  formation  of  vapour  continues  with  the  increase  of  the  heat; 
this  diminution  continues  till  towards  4  o'clock  ;  now  the  quantity 
of  water  of  the  lower  strata  of  air  again  increases,  bccauar  the 
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ly  directed  current  of  air  ceases  to  can7  away  the  vapour 
led ;  this  increase  last«,  howe\'erj  oaly  until  towards  9  o'clock, 
luse  the  decreasing  temperature  of  the  air  puta  m  limit  to  the 
.her  formation  of  vapour. 

In  winter^  when  the  action  of  the  sun  is  Icsa  intense,  the  state 
tlie  case  is  different ;  in  January  we  observe  only  one  inaxinmm 
the   contentK   of    water  in    the   air,   at   a}K)ut  2  o'clock,  and 

one  minimum  at  the  time  of  sunrise. 
We  say  "  the  air  is  dnf*  when  water  evaporates  rapidly,  and 
len  moi^ened  objects  become  quickly  dry  owing  to  this  rapid 
iporation ;  and  on  the  other  hand,  we  say  "  the  air  is  damp" 
fhen  moifltencd  objects  dry  only  slowly,  or  not  at  all,  in  the  air, 
rben  the  least  decrease  of  temperature  occasions  a  precipitation  of 
moisture,  and  when  somewhat  colder  objects  become  covered  with 
moisture.  We,  therefore,  call  the  air  dry  when  it  is  far  from 
being  at  its  point  of  saturation,  and  moist  when  the  dew  point 
approaches  very  nearly  to  the  degree  of  the  temperature  of  the 
air ;  in  thus  judging  of  the  dr)Tics8  or  the  dampness  of  the  air, 
wc  do  not,  therefore,  express  any  opinion  of  the  absolute  quantity 
of  water  contained  in  the  air.  If  on  a  hot  summer's  day  at  a 
temperature  of  77,  every  cubic  metre  of  air  contains  13  grms.  of 
vapour,  we  say  the  air  is  very  dry  ;  for  at  such  a  temperature 
the  atmosphere  can  contain  22,5  grms.  of  vapour  for  every 
cubic  metre  of  air,  otherwise  the  air  must  be  cooled  to  59,  in 
order  to  be  saturated  by  the  same  quantity  of  aqueous  vapours. 
If,  on  the  contrary,  in  winter  at  a  temperature  of  35,6  the  air 
mtalns  only  G  grms.  of  vapour,  it  is  very  damp,  since  the 
losphcre  is  nearly  perfectly  saturated  with  vapour  corresponding 
to  that  temperature,  and  the  least  decrease  of  temperature  is 
allowed  by  a  precipitation  of  moisture. 
In  this  sense  we  may  say,  that  at  the  time  of  sunrise  the  air 
Is  the  dampest,  although  the  absolute  quantity  of  water  is  less  then 
than  at  any  other  time  of  the  day.  Towards  3  o'clock  p.m.  in 
siunmer  the  air  is  driest. 

The  absolute  quantity  of  water  contained  in  the  air  is,  hke  the 
temperature  of  the  air,  at  a  minimum  in  .January ;  it  increaaea 
itil  July,  when  it  reaches  its  maximum  ;  then,  however,  it  again 

until  the  end  of  the  year. 
Although  the  quantity  of  water  contained  in  the  air  is  greater 
summer  than  in  winter,  we  say  that  the  air  is  drier  in  summer. 
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because,  on  an  average  it  is  further  removed  from  the  pmnt  uf 
Mturation  during  that  season. 

Moiatwe  of  the  air  in  ruTioua  districts. — The  formatioQ  of 
vapour  is  especially  dependent  upon  two  conditions^  namely  upon 
the  temperature,  and  upon  the  pressure  of  water.  With  ta 
unlimited  supply  of  water,  vapour  will  be  formed  in  proportion  to 
the  height  of  the  temperature ;  but  with  equal  degrees  of  tempcn- 
tore,  more  vapour  will  be  formed  in  districts  which  abound  in  wittt 
than  in  those  which  do  not.  Hence,  it  follows,  that  the  abiobte 
quantity  of  water  in  the  air,  other  circumstances  being  the  Mine, 
decreases  from  the  equator  to  the  poles,  and  that  the  nr 
is  drier  in  the  interior  of  large  continents,  that  is,  it  is  thert 
further  removed  from  the  point  of  saturation  than  on  the  aa 
or  on  the  sea-shore.  The  clearness  of  the  sky  in  continentAl 
countries  is  a  proof  that  the  dr^Ticss  of  the  air  increases  with  the 
distance  from  the  sea. 

Dew. — It  has  already  been  stated  at  Jiage  533,  that  fine  dew  i* 
formed  upon  the  polished  bulb  of  Daniel's  hygrometer  as  the 
latter  is  cooled.  We  may  explain  the  formation  of  dew  on  a  large 
scale  in  a  similar  manner. 

When  in  summer,  after  sunset,  the  sky  remains  clear  and  the 
air  calm ;  the  different  objects  on  the  earth's  surface  become  more 
and  more  cooled  by  nocturnal  radiation  towards  the  sky,  their 
temperature  falls  from  4'*  to  \3'\  or  14^  even  below  the  tem- 
perature of  the  air,  cold  bodies  also  lower  the  temperatufe 
of  the  strata  of  air  immediately  surrounding  them ;  and  wbea 
these  are  cooled  down  to  the  dew  point,  a  portion  of  the 
vapour  contained  in  them  is  precipitated  upon  cold  bodies  in 
the  form  of  tine  drops. 

As  all  bocUes  have  not  an  equal  capacity  of  radiating  hettj 
some  cool  more  perfectly  than  others,  whence  it  follows,  that 
many  bodies  may  be  densely  covered  with  dew,  whilst  others  will 
remain  almost  wholly  6ry.  Grass  and  leaves,  especially,  cool  rapidly 
by  nocturnal  radiation,  partly  because  tbey  possess  a  very  stroog 
capacity  for  radiation,  and  partly  also  because  they  stand 
exposed  to  the  air,  and  can  thus  receive  but  little  heat  from  the 
ground ;  they  are  thus  more  thickly  covered  with  dew  thaa  atODCi 
and  the  bare  ground. 

When  the  sky  is  ovexcast  by  clouds,  the  formation  of  dew  U 
prcventedj   owing  to  nocturnal  radiation  being  impeded    fivttt 
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when  a  somewhat  brisk  wind  blows,  no  dew  is  fonued,  because 
warm  air  is  constantly  brought  into  contact  with  solid  bodies, 
which  are  thus  continually  wiu-mcd,  and  allow  of  air  passing  over 
them  before  they  can  be  cooled  to  the  dew  point. 

Hoar-fro^t  is  nothing  but  frozen  dew.  ^Vhen  the  body,  on 
which  the  cundeused  vapour  is  precipitated,  is  cooled  below  32^, 
vapour  can  no  longer  be  deposited  in  a  fluid  form,  but  will  appear 
as  icicles. 

MutI  and  clouds, — When  steam    rises  from  a  vessel  of  boiling 

tcr,  and  diffuses  itself  through  a  cooler  atmosphere,  it  is  imme- 
diately condensed,  and  there  arises  a  mut  in  the  air  which  floats 
about  in  the  form  of  a  quantity  of  small  hollow  vesicles.  Tliis 
is  also  frequently  called  vapour,  although  it  is  no  longer  such, 
»t  leostj  in  the  physical  sense  of  the  word,  being  a  condensed 
aqueous  gas. 

When  the  condensation  of  vapom*  does  not  occur  by  contact 
with  cold  solid  bodies,  but  goes  on  in  the  air,  mists  anae, 
which  are  similar  to  those  we  see  formed  over  boiling  water. 

Mists  generally  arise  wheu  the  water  of  lakes  and  rivers,  or  the 
damp  ground,  is  warmer  than  the  air  which  is  saturated  with 
oisture.  The  vapours  formed  in  consequence  of  the  higher 
perature  of  the  water,  or  the  damp  ground,  are  iinniediutcly 
ndensed,  when  they  difliisc  themselves  through  the  cooler  air, 
dy  saturated  with  vapour.  No  mists  are  foimed  at  an  equal 
difference  of  temperature  between  the  water  and  air,  provided  the 
air  is  dry,  so  that  all  the  vapours  rising  from  the  surface  diffused 
themselves  through  it  without  saturating  it. 

After  what  has  just  been  said  of  the  formation  of  mistj  it 
will  easily  be  understood  that  mists  are  especially  formed  in 
autumn  over  rivers  and  lakes,  and  damp  meadows.  In  England, 
mists  are  very  frequent,  from  the  land  being  washed  by  a  warm 
sea ;  in  like  manner,  the  warm  waters  of  the  Gulf  Stream,  which 
flows  as  far  as  Newfoundland^  are  the  cause  of  the  thick  foga  met 
with  there. 

We  often  observe  mists  and  fogs  occur  under  totally  different 
circumstances ;  thus  we  dud  thick  mists  over  rivers,  whilst  the  air 
is  warmer  than  the  water  or  the  ice.  In  this  case,  the  warm 
air  is  saturated  with  moisture,  and  on  its  mixing  with  the  layers 
of  air,  which  have  acquired  a  lower  temperature  from  being  in 
contact  with  the  cold  water  or  ice,  a  condensation  of  the  vapour 

necessarily  brought  about. 


^fkoist 
^Kmp 
^Bb-co 

^Irea. 
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The  mists  which  rise  over  rivers  and  lakes  in  summer  after  a  atom 
of  ruin,  originate  in  a  aimiLar  manner.  Although  the  air  ia  warmer 
than  the  surface  of  the  water,  it  is  saturated  with  moisture,  and  ai 
soon  as  it  is  distrihuted  over  a  place  in  which  the  freahnett  of 
the  water  ia  perceptible,  the  vapour  liecoraca  condensed  l)y 
cooling. 

Mists  are  not,  however,  formed  only  over  riven  and  lakd^ 
but  over  the  middle  of  the  continent,  as  soon  as  the  wanner, 
damper  masses  of  air  are  mixed  with  the  colder,  and  thcar  tcBipin- 
ture  thus  lowered  below  the  dew  i>oint. 

Clouds  are  nothing  more  than  mists,  which  hover  in  the  hig}ur 
regions  of  the  air,  aa  mists  are  nothing  more  than  clouda  rcstiflg 
upon  the  surface  of  the  ground.  We  oflen  see  the  summita  of 
mountains  enveloped  in  clouds,  whilst  persona  upon  these 
elevations  are  in  the  midst  of  mist. 

At  first  sight,  it  appears  incomprehensible  how  clouds  can  6oit 
in  the  air,  since  they  consist  only  of  vesicles,  which  are  evidently! 
heavier  than  the  surrounding  air.  Since  the  weight  of 
small  vesicles  of  water  ia  very  small  in  comparison  with  thcv^ 
surfaces,  the  air  must,  in  this  case,  oppose  a  considerable  resi^j 
tancc ;  they  can  only  sink  very  slowly,  as  the  soap  bubble,  whi 
has  a  great  resemblance  to  these  vesicles  of  vapour,  sinks 
slowly  in  a  calm  atmosphere.  These  vesicles  of  vapour  maim 
however,  sink,  although  but  slowly,  and  wc  might  thus  «u] 
that  in  calm  weather  the  clouds  would,  at  length,  fall  lo 
ground. 

The  vesiclea  of  vapour,  however,  which  sink  in  calm  weatW« 
caimot  reach  the  ground,  owing  to  their  soon  reaching 
strata  of  air  that  are  not  saturated  with  vapour,  and  where  ihty' 
again  dissolve  into  vapour,  and  arc  lost  to  view ;  whdst,  hoiremtj 
the  vesicles  of  vapour  dissolve  below,  new  ones  are  formed  at  ibf  ^ 
upper  limits,  and  thus  the  cloud  appears  to  float  umnovnUyl 
in  the  air. 

We  have  just  considered  vesicles  of  vapoiu*  in  a  perfectly  calm 
atmosphere,  but  when  the  air  is  agitated  they  must  follow  the  diree- 
tion  of  the  current  of  air;  a  wind  moviTig  on  in  a  horixoDta) 
direction  will  also  carry  the  clouds  with  it  in  the  same  directknt 
and  an  ascending  current  of  air  will  lift  them  up,  as  soon  as  its 
velocity  becomes  greater  than  the  velocity  with  which  thae 
vesicles  would  fall  to  the  groimd  in  a  calm  air.  }S"c  may  also 
observe  liow   soap   bubbles   arc  carried   away  by  the  wind,  aiwl 
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borne   over  the  houses.      Tlius  too,  the  rising  of  the   niist   is 
explained  by  the  Hscending  ciirrcuts  of  air. 

The  appearance  of  the  clouds  varies  very  much,  according  as 
they  flout  higher  or  lower,  are  more  or  less  dense,  and  are  diffe- 
rently illuminated,  &c.  Howard  has  distin^shed  clouds  under 
the  follovrinp  heads. 

1.  The  feathery  cloud-cwnw  consists  of  very  delicate,  more  or 
len  streaked,  open  or  feathery  filaments,  which  first  api>ear  in  the 
sky  after  fine  weather.  In  our  fi^re  518,  wc  may  observe  these 
in  the  right  hand  corner  towards  the  bottom  where  the  two  birds 
are  hovering.  In  dry  weather,  feathery  clouds  are  more  streaked, 
and  in  damp  weather  more  confused. 

2.  The  dense  cloud,   cumulus,  represented  in  our  figtire  exactly 

»IG.  518. 


below  the  feathery  cloud,  forms  large  hemispherical  masses  which 
appear  to  rest  upon  a  horizontal  basis ;  these  clouds  are  of  most 
frecpient  occurrcMce  in  summer,  often  group  themselves  pictu- 
resquely together  in  large  maasea,  and  then,  when  lighted  up  by 
the  sun,  present  the  appearance  of  mountains  of  snow. 
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3,  Stratified  clouds,  stratus,  are  horizontal  streaks  of  cloud*; 
in  our  figure  they  are  represented  below  the  cunuilut,  and  appear 
in  extraordinary  brilliancy  of  colour  at  sunset. 

The  main  forms  merge  into  a  variety  of  others,  which  Howard 
has  designated  by  the  names  of  cirro-cumulus,  curnulo-straius,  aod 
nifrUfus. 

The  feathery  accumulated  cloud,  the  cnro-cttmulus  is  the  tnn- 
sitiou  of  the  feathery  to  the  dense  cloud,  they  are  those  imiU, 
white,  round  clouds  familiarly  known  va  fleecy, 

^Vhen  the  feathery  clouds  are  not  scattered  individually,  bitt 
combined  in  streaks  of  considerable  extension,  they  form  feathery 
strata  of  clouds,  cirro-stratus,  which  oficr  the  appearance  of 
expanded  strata  when  they  are  near  the  horizon ;  the  cirrD-stahiM 
often  cover  the  whole  sky  as  with  a  veil. 

When  these  clouds  become  denser,  they  pass  o\'cr  into  thu 
streaked  accumulated  clouds,  which  often  cover  the  whole  horiton 
with  a  bluish  black  tone  of  colour,  and  finally  pass  over  into  the 
actual  rainy  cloud  (nimbus)  depicted  at  the  left  in  our  figure 

When  we  consider  how  very  various  the  clouds  may  be  in  fom 
as  well  as  in  colour,  we  shall  easily  understand  how  difEcolt  it 
often  is  to  decide  whether  the  appearance  of  a  cloud  approaches 
more  to  one  or  other  type. 

The  feathery  clouds  arc  the  highest  of  all  the  kinds  of  clondU, 
since  they  present  the  same  appearance  when  seeji  from  hig:h 
hiDs  as  from  the  valleys  below.  Kdmtz*  determined  their  height 
at  Halle  to  be  about  20,000  feet.  It  is  liif;lily  probable  that  the 
cirrus  does  not  consist  of  vesicles  of  mist,  but  of  ilakes  of  snow. 

The  denser  clouds  are  usually  formed  when  the  vapours  ire 
raised  up  by  the  ascending  currents  of  air,  and  then  condensed  by 
the  lower  temperature.  Hence,  it  follows,  that  clouds  often 
form  towards  noon,  when  the  sun  has  ascended  in  the  clear  sky; 
and  towards  evening  the  sky  again  clears,  owing  to  the  sinking  of 
the  clouds  as  the  rising  current  ceases ;  the  clouds  again  dissolve 
on  reaching  deeper,  warmer  regions,  if  the  air  be  not  saturated 
with  vapour.  As,  however,  the  south-west  wind  brings  more 
and  more  vapours  with  it  when  the  air  is  saturated  with  vapour, 
the  sinking  clouds  cannot  be  re-dissolved,  but  become  denser  and 
darker,  whilst  a  stratum  of  feathery  clouds  often  floats  above  th« 
lower  clouds.  The  lower  masses  of  cloud-cumulus  then  pus 
more  and  more  into  the  cumulo-stratus,  and  raiu  may  be  expected. 
♦  See  "  Comitlctc  Counc  of  Meteorology,"  pige  365. 
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When  by  oontmned  condensation  of  vapour,  the  separate  vesicles 
of  vi^nr  become  larger  and  heavier,  when  further,  the  separate 
globules  approach  each  other  and  merge  together,  they  form 
actual  drops  of  water,  which  fall  as  rain.  At  a  certain  height 
the  rain-drops  are  still  very  small,  they  increase  in  size,  however, 
as  they  fall,  owing  to  the  vapour  of  the  strata  of  air  becoming 
condensed  on  which  account  they  fall. 

QuoTttiiy  of  ram. — The  quantity  of  rain  which  falls  at  any 
one  spot  on  the  earth  in  the  course  of  the  year  is  a  very  important 
element  of  meteorology.  The  instruments  made  use  of  for  this 
purpose  are  termed  Rain  guagea,  Ombrometers  or  Udometers, 
Fig.  519  represents  the  usual  rain  guage;  it  consists  of  a  tin 
cylinder  b,  which  is  from  15  to  20  centimetres  in  diameter,  and 
on  which  a  second  cylinder  a,  with  a  funnel-like  bottom,  is  placed. 
In  the  centre  of  this  funnel  there  is  an  aperture ;  through  which 
all  the  water,  falling  into  the  cylinder  a, 
which  is  open  at  the  top,  flows  into  the 
receiver  b»  The  receiver  b  is  in  connec- 
tion by  means  of  a  curved  tube  c  with 
a  glass  tube  d',  by  means  of  which  we 
may  every  time  ascertain  how  high  the 
water  stands  in  b.  Provided  that  the 
bores  of  a  and  b  be  equal,  or  at  any  rate 
not  perceptibly  different,  the  height  of 
the  layer  of  water  in  b  indicates  the 
height  to  which  the  ground  would  be 
covered  in  a  certain  time,  if  the  water  were  not  imbibed, 
or  evaporated. 

The  annual  quantity  of  rain  is  about  as  follows : 


vio.  619. 
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The  quantity  of  rain   that  falls,   is  not,   however,   uniformly 
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diBtribated  throughout  the  year ;  in  this  respect,  Europe  admiti 
of  being  divided  into  three  provinces, 

lu  England,  on  the  western  coasts  of  France,  in  the  NctheT. 
hindft,  and  in  Norway  autiimnftl  raliis  predoiuinate. 

In  Germany,  in  the  West- Rhenish  provinces,  Denmark  and 
Sweden,  rains  arc  most  prevalent  iu  summer. 

Rains  scarcely  ever  fall  during  aunimer  in  the  south-east  of 
France,  in  Italy,  the  south  of  Portugal,  or  in  that  part  of  Europe 
which  is  most  contiguous  to  Africa. 

In  Eurapi*,  the  number  of  rainy  days  during  the  year  genendlj 
decreases  from  south  to  north.  On  the  average  through  the  year 
there  are  about  as  follows : 

iu   southern  £uroi>e     .         .     120  rainy  days. 
„  central         „  .     146         ,, 

„  northern      ,,  180         „ 

That  the  quantity  of  rain  does  not  alone  depend  upon  the 
number  of  rainy  days  is  evident,  since  it  matters  not  how  mauy 
days,  but  how  much  it  raina  ;  although  the  number  of  rainy  days 
increases  in  northern  districts,  tlie  intensity  of  the  rain  genendiv 
diminishes,  and  thus  we  see  why  in  St.  Petersburg,  for  instaoEt, 
the  number  of  rainy  days  is  in  general  greater,  although  the 
quantity  of  rain  that  falls  is  less. 

The  quantity  of  ruin,  as  well  as  the  number  of  rainy  daysj 
decreases  with  the  increased  distanc-e  from  the  aca;  thus,  ibr 
instance,  there  are  about  as  follows : 

in  St.  Petersburg  .  .168 

„  Casan        ....       90 
„  Jakutzk     ....       60 
rainy  days  in  the  course  of  the  year. 

As  under  equal  circumstances  rain  in  wanner  diatricts  is  more 
intense  than  in  colder,  it  is  also  more  intense  in  the  warmer 
than  in  the  colder  season  of  the  year.  There  are  on  an 
average  38  rainy  days  in  Germany  in  the  M-intcr,  and  42  in 
the  summer ;  the  number  nf  the  rainy  days  in  summer  is  thereforv 
scarcely  more  considerable  than  in  winter,  and  yet,  the  quantity 
of  rain  in  summer  is  about  double  as  great  na  in  winter.  In  the 
summer  months  there  often  falls  more  rain  in  a  single  storm  than 
during  many  weeks. 

Rain  Mween  the  tropics. — Where  tlie  tmdc-winds  blow  with 
the  greatest  regularity,   the  sky  i»  for  the  most  part  clear,  and  it 
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Idom    raios ;   that    is,   whca   the   sun  stands   above  the   other 
;mispherc.     On  continents,  however,  the  regularity  of  tlie  trade- 
ids  is  disturbed  by  the  intensity  of  the  ascending  current  of  sir 
soon    as  the  sun    approaches  the  zenith ;    about  this  time  a 
ilent  rain  sets  in,  which  lasts  many  mouths,  whilst  during  the 
lainder  of  the  year  the  sky  is  uniformly  clear,   and  the  air 


Humboldt  has  described  the   phenomena   of  the  rainy  season 

the  northern   part    of  South  America.     From    December   till 

sbruary  the  air  is  dry,  and  the  sky  clear.     In   March  the  air 

>me8  more  humid,  the  sky  less  pure;  the  trade-winds  then  blow 

strongly,   and   the  air  is  often  quite  calm.     By   the  end  of 

:h,  the  storms  set  in  ;  they  begin    in    the  afternoon,  when 

le   heat  is  gr^atest^    aud  are   accompanied    by  violent   torrents 

rain.      Towards   the   end   of  April,    the    uctutil    rainy  Acason 

insy    the   sky   is  overcast  with  a  uniform    gray  tint,    and    it 

daily  from  9  a.m.,  till  4  p.m.;  at  night  the  sky   is  mostly 

;ar.     Tlie  rain  is  the  most  violent  when  the  sun  is  in  the  zenith. 

le  time  during  the  day  in  which  it  rains  then  becomes  gradually 

»rter,  and  towards  the  end  of  the  rainy  season  it  rains  only  in 

le  afternoon. 

The  length  of  time  of  the  rainy  season  is  not  the  same  for 
different  districts,  but  lasts,  generally  speaking,  from  3  to  5 
months. 

In  the  East  Indies,  where  the  regiJarity  of  the  trade-winds  is 
disturbed  by  local  influences,  aud  where  the  inousoous  take  their 
place,  wc  bIho  find  irregularities  in  the  quantities  of  rain.  On 
the  steep  western  coasts  of  India,  the  rainy  season  corresponds 
with  our  winter,  occiirring  at  the  time  when  the  south-west 
monsoons  prevail,  and,  being  laden  with  humidity,  strike 
the  high  mountains.  AMiilst  it  rains  upon  the  coasts  of  Malabar, 
the  sky  is  clear  in  the  eastern  shores  of  Coromandel ;  here  the 
rainy  season  comes  in  with  the  north-east  trade-wind,  that  is, 
exactly  at  the  time  when  the  dry  season  prevails  upon  the  western 
coasts. 

Li  the  region  of  calms,  periodical  rains  do  not  prevail ;  but  violent 
torrents  of  rain  are  of  almost  daily  occurrence.  The  ascending  ciu:- 
rent  of  air  owries  a  mass  of  vapour  on  high,  which  again  condenses 
in  the  colder  regions.  The  sun  almost  always  rises  with  a  clear  sky, 
but  towards  noon  a  few  clouds  arc  formed,  which  become  denser 
id  denser,  until  at  length   an  immense  quantity  of  rain  falls. 
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amid  violent  gusts  of  wind  and  electrical  diachai^cs.    Towardi 
evening  the  clouds  disperse,  and  the  sun  sinks  in  a  dear  aky> 

Tbe  annual  quantity  of  rain  that  fnlli*  in  the  tropics  i«  in  grnerti 
very  great ;  it  amounts  in  Bombay,  for  instance,  to  73,5,  in  Candi 
to  68,9,  in  Sierra  Leone  to  80,9,  at  Rio  Janeiro  to  55,6,  at  St 
Domingo  to  100,9,  at  the  Havanna  to  85^7,  and  in  GrenaJB  tii 
105  Paris  inches.  If  we  now  consider  that  rain  is  geueralljr 
limited  to  a  few  months,  and  that  it  only  rains  during  a  few  hoori 
of  the  day,  it  is  evident  that  the  rain  must  be  very  violent.  At 
Bombay  there  fell  in  one  day  6  inches  of  rain,  at  Cayenne  10  incha 
in  10  hours.  The  drops  are  very  large,  and  fall  with  such  rapidity, 
that  they  give  rise  to  a  sensation  of  pain  if  they  strike  against  the  nkin. 
Snow  and  Hail. — Even  at  the  present  time  we  know  Ycry  \iu\r 
regarding  the  formation  of  snow.  It  is  probable  that  the  cbodi 
in  which  the  flakes  of  snow  are  first  formed,  consist,  not  of 
vesicles  of  vaj)()ur,  but  of  minute  crystals  of  ice,  which  by  the  con- 
tinuous condensation  of  vapour  become  larger,  and  then  form 
flakes  of  snow,  which  continue  to  increase  in  size  while  falliiw: 
through  the  lower  strata  of  air.  When  these  lower  regions  arr 
too  warm,  the  flakes  of  snow  melt  before  reaching  the  ground,  m 
that  it  rains  below  while  it  snows  above. 

The   regular  form   assumed   by  flakes  of  snow,  in  the  state 

which  they  can  be  best  obeened, 
namely,  when  they  are  placed  on  s 
dark  body  cooled  below  32**,  nv 
first  described  by  Kepler,  Scored 
had  an  opportunity,  in  the  poltf 
regions,  of  making  a  number  of 
interesting  observations  on  tbe 
forms  of  the  flakes.  His  work 
contains  nearly  100  diflerent  plat«», 
of  which  8<imc  of  the  most  interest- 
ing have  been  collected  in  Fig.  520. 
A  mere  superficial  glance  at 
these  figures  shows  that  all  tkcff 
forms  are  eAsentialiy  rcfernblc  te 
a  regukr  hexagonal  star^  frtxn 
whence  it  follows  that  snov-i 
belong  to  tlie  hexugtmal  s' 
crystals  (the  crystal-system 
cj^stals). 
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Sieet,  which  we  usually  observe  in  March  and  April,  ia  formed 
in  the  same  manner  as  suow.  The  granules  of  sleet  are  formed  of 
tolerably  firm  spherical  icicles. 

Hail  is  one  of  the  most  fearful  scourges  to  the  agriculturist, 
and  one  of  the  most  mysterious  phenomena  to  the  meteorologist. 

The  ordinary  size  of  hail-stones  is  that  of  a  hazel  nnt;  they  are 
very  frequently  smaller,  but  these,  being  less  dangerous,  are  not 
particularly  regarded.  They  are  often,  however,  much  larger,  and 
dcstrov  everything  they  strike. 

Trustworthy  pilosophers  have  observed  hail-stones  which  weighed 
12  to  13  ounces. 

The  form  of  hail-stones  is  liable  to  great  variation ;  most  com- 
monly they  are  rounded,  but  sometimes  Hatteued  and  angular. 
In  their  centre  there  is  usually  an  opaque  nucleus,  resembling  a 
granule  of  sleet :  this  nucleus  is  surrounded  by  a  transparent  mass 
of  ice,  in  which  wc  may  often  observe  separate  concentric  layers  ; 
sometimes  alternating  layers  of  transparent  and  opaque  ice  may  be 
seen  ;  and,  finally,  even  hail-stones  with  a  striated  structure  have 
been  observed. 

Pouiiiet  found  that  the  temperature  of  hail-stones  varied  from 
31  to  2o'\ 

Ilail  generally  precedes  a  thunder-storm.  It  never,  or  at  any 
rate  but  very  rarely,  follows  rain;  at  least,  when  the  latter  has 
continued  some  time. 

A  hail-storm  generally  lasts  only  a  few  minutes,  very  seldom  so 
long  as  a  quarter  of  an  hour.  The  quantity  of  ice  which  escapes 
from  the  clouds  in  so  short  a  time  is  enormous ;  the  earth  being 
often  covered  by  it  to  the  depth  of  several  inches. 

Hail  falls  more  frequently  by  day  than  by  night.  The  clouds 
which  bring  it  seem  to  have  a  considerable  extension  and  depth, 
for  they  generally  occasion  great  durkueaa.  It  is  believed  that 
they  have  been  seen  of  a  peculiar  grcj-ish  red  tint,  and  that  great 
masses  of  clouds  were  suspended  from  their  lower  confines,  and  their 
edge*  variously  indented. 

Hail-clouds  seem  generally  to  float  very  low.  The  inhabitants 
of  mountainous  districts  often  see  clouds  below  them  which  cover 
the  valleys  with  hail ;  it  cannot,  however,  be  determined  with 
accuracy  whether  hail-clouds  always  descend  so  low, 

A  peculiar  rustling  noise  is  heard  a  few  seconds  before  the 
beginning  of  a  hail-storm ;  and,  finally,  hail  is  always  accompanied 
by  electrical  phenomena. 
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Aft  to  what  concerns  the  explanation  of  hail,  this  present*  two 
(Ufficulties:  namely,  at  to  whence  the  great  cold  comes,  which 
causes  the  water  to  freeze ;  and  next^  how  it  is  possible  thtl  the 
hail-stonea,  after  having:  once  become  large  enouji^h  to  fall  by  their 
own  weight,  can  yet  remain  long  enough  in  the  air  to  increase  to  m 
considerable  a  size. 

With  regard  to  the  first  question,  Volta  thonght  that  the  nlu 
rays  were  almost  wholly  absorlxtd  at  the  upj>cr  confines  of  the 
dense  clouds,  which  would  neceeisarily  occasion  a  rapid  nnporutiuQ, 
especially  when  the  air  above  the  clouds  was  very  dry ;  this  enpo. 
ration  would,  according  to  him,  cause  so  much  heat  to  be  ib- 
sorbcd,  that  the  water  in  the  lower  strata  of  air  would  frccie.  If. 
however,  the  evaporation  of  the  water  in  the  upper  stratum  of  sir 
were  occasioned  by  the  heat  of  the  solar  rays,  it  is  not  so  clear  wfcj 
so  much  heat  should  be  N^ithdrawn  from  the  lower  layers  of  cloadi 
by  means  of  this  evaporation. 

With  reference  to  the  second  question,  Voita  proposed  a  to) 
ingenious  theory,  which  has  attained  great  celebrity.  He  asfooici 
that  two  layers  of  clouds,  heavily  charged  with  opposite  kinds  td 
electricity,  hover  above  one  another.  If  now  the  very  small  hail- 
stones fall  upon  the  lower  clouds,  they  will  ]}euctrate  to  a  c<ertaUl 
depth,  and  thus  become  surrounded  by  a  new  layer  of  ice;  Aey 
will,  however,  also  become  charged  with  the  electricity  of  the  kmrt 
cloud,  and  be  repelled  by  it,  while  they  will  be  attracted  by 
other;  they  will  therefore  again  rise,  in  spite  of  their  gravity,  to 
the  upper  cloud,  where  the  same  process  will  be  nrpeated ;  thai 
they  will  move  for  a  time  backwards  and  forwards  between  the  tw« 
clouds,  until  at  last  they  will  fall,  when  they  become  heav^  enough^ 
and  when  the  clouds  have  lost  their  electricity. 

It  may  be  objected  to  this  view,  that  it  is  scarcely  conodr 
able  that  electricity  is  able,  witliout  any  sudden  action,  that  i** 
without  any  explosive  discharge,  to  raise  such  large  masses  of  loe; 
and  that  if  the  electric  chargt*  of  the  two  clouds  were  really  so 
powerful,  the  electricity  must  instantaneously  pass  from  one  to  ihi^ 
other :  especially  since  the  hail-stones  must  establish  a  coiuiccti^ 
between  them. 
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CHAPTER    IV. 

OmCAL    FRENOMBNA    OF    THE    ATMOSPHBRE. 

Colour  of  the  ski/, — The  clear  sky  appears  to  iia  to  be  A/«?,  and 
blue    is    Bometimes    brighter    and   whiter,    and    ttomctimes 
;r,   according    to    the    state    of  the   atmosphere;    on   high 
lountains  the  sky  appears  dark  blue,   or   almost  black.      This 

readily  explained :  if  the  air  were  perfectly  transparent^  if  its 
individual  paiticlcs  reflected^  or  rather  scattered  no  light,  the 
sun,  moon^  and  stars  would  shine  out  forth  from  a  black 
ground^  but,  as  it  actually  is,  the  particles  of  air  reflect  the  light, 
and  thus  it  happens  that  during  the  day  the  whole  sky  appears 
bright,  because  the  particles  of  air  illuminated  by  the  sun  scatter 
the  light  in  all  directions.  This  illumination  of  the  atmosphere 
by  the  sun's  rays  is  the  cause  of  our  not  seeing  the  stars  during 
the  day.  The  particles  of  air  reflect  mostly  blue  light,  and 
hence  it  is  that  the  dark  vault  of  heaven  is  invested  witli  a  blue 
tint.  The  higher  we  rise  in  the  atmosphere^  so  much  the  thinner 
is  the  blue  envelope,  and  consequently  so  much  the  darker  doca 
the  heaven  above  us  appear;  thus  the  darkest  blue  is  always  iu 
the  zenith,  while  towards  the  horizon  there  is  more  of  a  whitish 
tint. 

The  pure  blue  of  the  sky  ia  especially  decolourized  by  the  con- 
densed vapour  floating  in  the  air,  by  fine  mists,  which  often  invest 
the  sky  as  with  a  delicate  veil,  without  being  sufficiently  dense  to 
appear  as  clouds. 

The  phenomena  of  the  evening  and  morning  red  arc  c.Ti}laincd 
by  sajnng  that  the  air  permits  of  the  passage  of  the  red  and  yellow 
rays  in  preference,  but  that  it  reflects  the  blue  rays.  The  sun's 
rays  in  the  evening  and  morning  have  to  traverse  a  considerable 
space  through  the  atmosphere,  hence  the  red  colouring  of  the 
transmitted  rays,  which  is  particularly  brilliant  when  clouds  are 
illuminated  by  them. 

This  opinion  cannot  be  altogether  correct,becau8e  the  blue  tint  of 
the  sky  is  not  the  complementary  colour  of  the  evening  red. 
The  evening  red  depends  probably  on  the  vapour  of  water  contained 
in  the  air. 

When  a  column  of  atcam  rises  from  the  safety-valve  of  a  steam- 
engine,  as,  for  instance,  of  a  locomotive,  the  sun  seen  through  the 
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Steam  appears  of  a  deep  orange  red;  some  feet  above  the  safety- 
valve,  at  which  the  steam  is  escaping,  its  colour  by  transmitted 
light  has  the  deep  orange  tint  already  described ;  at  a  greater  dis- 
tance, where  the  vapour  is  more  perfectly  condensed^  the  pheno- 
menon entirely  disappears.  Even  a  moderately  thick  cloud  of 
.vapour  is  perfectly  impenetrable  to  the  suu'a  rays,  it  thrcnra 
*  a  shadow  like  a  solid  body ;  and  when  its  thickness  is  small, 
it  is  then  indeed  transparent,  but  colourless  tbroughotit.  The 
orange  colour  of  vapour  appears,  therefore,  to  pert-ain  to  a 
peculiar  state  of  condcnsBtion.  In  a  perfectly  gaseous  state, 
aqueous  vapour  is  quite  transparent  and  colourless;  in  any 
transitive  state,  it  is  transparent  and  of  a  dingy  red  ;  but  when  it 
'  is  perfectly  condensed  into  vesicles  of  mist,  a  thin  layer  is  transpa- 
rent and  colourless,  while  a  thick  layer  is  perfectly  opaque. 

Aqueous  vapour,  being  a  pure,  colourless,  elastic  fluid,  gives  to 
the  air  most  of  its  transparencvj  particularly  as  is  observed  when  the 
sky  clears  after  a  severe  rain.  In  the  transition  stage,  it  admits 
of  the  passage  of  the  yellow  and  red  rays,  and  in  this  oondition 
gives  rise  to  the  appearance  of  the  evouing  red. 

This  theory  will  also  explain  why  it  is  that  the  evening  red  ii 
far  more  brilliant  than  the  morning  red;  that  the  evening  red  and 
the  morning  gray  are  signs  of  fine  weather.  Inimediatelv  after 
the  maximum  diurnal  temperature  has  been  attained,  and  before 
sunset,  the  surface  of  the  earth  and  strata  of  air  at  different 
heights  begin  to  lose  heat  by  radiation.  Before,  however,  this  has 
led  to  the  entire  condensation  of  the  aqueous  vapour,  it  passes 
through  that  transition  stage  which  causes  the  evening  red.  In  the 
morning  the  case  is  different.  The  vapours  which  in  the  reversiott 
of  the  process  would  probably  have  given  rise  to  the  red,  do  not  rise 
till  they  have  been  exposed  sufficiently  long  to  the  sun*9  action,  but 
then  the  time  of  the  sun's  rising  is  over,  and  the  sun  stands  hig^  ta 
the  heavens.  The  fiery  appearance  of  the  morning  sky  de}>eads  oo 
the  presence  of  such  an  excess  of  moisture,  thatt  by  its  condensation 
in  the  higher  regions  actual  clouds  are  formed,  notwithstanding  the 
tendency  of  the  rising  sun  to  disperse  them;  the  morning  red  ii 
therefore  to  be  considered  as  the  forerunner  of  speedy  rain. 

When  the  sun  has  disappeared  in  the  western  horizon,  inatead 
of  there  being  immediate  darkness,  we  have  the  twilight,  which  lasts, 
under  different  circumstances,  for  a  longer  or  shorter  time.  The 
twilight  is  produced  by  the  sun's  continuing  to  shine  on  the  atmo- 
sphere of  the  western  sky,  and  on  the  aqueous  particles  suspended 
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in  it,  for  Bome  time  after  it  has  disappeared  from  our  view,  and  on 
these  illuminiited  particles  of  air  and  water  continuing  to  transmit 
to  us  a  hght  which  becomes  gradually  fainter  and  fainter.  In 
Germany  and  countries  of  the  same  latitude  the  twilight  lasts  till  the 
ran  is  about  18"  below  the  horizon.  The  prolonged  duration  of 
twilight  in  higher  latitudes  is  dependent  on  the  circumstance 
that  the  sun's  orbit  is  there  very  strongly  inclined  towards  the 
horizon,  and  that  consequently  it  takes  a  very  considerable  time 
for  the  sun  to  sink  18**  below  it.  The  nearer  we  approach  to  the 
equator,  so  much  the  less  oblique  is  the  sun's  orbit  towards  the 
faori2on,  until  under  the  equator  the  two  are  at  right  angles ;  in 
hot  countries  the  twilight  is  therefore  of  shorter  duration.  In 
Italy  it  is  shorter  than  in  Germany,  in  Chili  it  lasts  only  a  quarter 
of  an  hour,  and  in  Cumana  only  a  few  minutes.  This  extremely 
short  twilight  is  not  solely  to  be  referred  to  the  direction  of  the 
sun's  orbit  with  respect  to  the  horizon ;  wc  must  also  take  into  con- 
sideration the  extraordinary  purity  of  the  sky  in  those  countries, 
for  in  our  regions  the  delicate  mists  which  float  high  in  the  air, 
and  during  the  day  veil  the  sky,  materially  assist  in  reflecting 
the  light  and  so  prolonging  the  twihght. 

The  rainbow. — Every  one  knows  that  we  see  a  rainbow  when 
we  have  the  sun  behind  us  and  face  a  showery  cloud.  The 
rainbow  forms  the  base  of  a  cone,  whose  vertex  is  the  eye,  and 
whose  axis  coincides  with  the  straight  line  passing  through  the  sun 
and  the  eye.  Under  the  above  conditions  the  rainbow  appears  in 
the  mist  of  waterfalls  and  fountains. 

In  order  to  explain  the  formation  of  the  rainbow,  we  must  follow 
the  course  of  the  sun's  rays  through  a  dn>p  of  rain. 

If  a  ray  *S  A  (Fig.  521)  strikes  a  rain-drop,  it  is  refracted,  and  it 
FK,.  521.  is  easytocalculateor  to  construct  the 

direction  of  the  refracted  ray  A  B, 
The  refracted  ray  ^  S  is  reflected  at 
Bj  by  the  posterior  wall  of  the  drop 
to  Cj  and  then  after  a  sex;ond  refrac- 
tion emerges  in  the  direction  C  O. 
The  emergent  ray  C  O  forms  with 
tlic  incident  ray  an  angle  S  N  O. 

But  many  other  rays  full  on  the 
drop  parallel  with   S  A ;  and  if  we 
calculate  or  constnict  for  each  of 
them  their  path  through  the  drop,  as  we  have  done  in  the  figure 
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for  a  second  ray,  it  will  be  fouad  that  the  em^gent  rays  arc  not 
parallel  to  one  another. 

Mliilc,  therefore,  a  parallel  pencil  of  light  falls  on  the  drop,  ft  | 
pencil  of  light  strongly  divergent  emerges  from  it.  It  is  easy  tn 
understand,  that  by  tbJs  divergence  of  the  rays  emerging  from  the 
dropj  the  strength  of  the  impression  of  the  light  which  they  produce 
is  very  much  weakened,  especially  when  the  drops  occur  at  onlj  a 
slight  distance  from  the  eye.  Of  all  the  rays  which  enter 
from  a  droj)  after  t%vo  refractions  and  one  reflection,  those  o 
make  that  perceptible  impression  of  light  for  which  the  dii 
is  a  minimum,  or,  in  other  worda^  only  those  which  emcrgftj 
nearly  parallel. 

Fi*oni  more  accurate  examination,  it  follows  that  a  conaidcnblc 
number  of  parallel  incident  raya  fall  or  leave  the  drop  nearij 
in  the  same  direction,  having  sxifFercd  a  deviation  of  very  nearly 
42**  30' ;  and  of  all  the  raj's  emerging  from  the  drop,  these  alaue 
can  produce  a  sensible  impression  of  light. 

Let  ua  suppose  a  straight  line  o  p  (Fig.  522)   to  be  dnvn 

riG.  522. 


through  the  sun  and  the  eye  of  the  observer,  and  a  vertical  pUnc 
to  be  carried  through  it.  If  through  o  we  draw  the  straight  lin^ 
0  V,  so  that  the  angle p  ov^ 42**  30',  then  the  rnin-drops  in  thw 
direction  will  send  effective  rays  to  the  eye  after  an  intcniaJ  TtAtf- 
tion.  The  eye,  however,  docs  not  receive  effective  rays  from 
this  direction  alone,  but,  a*  may  easily  be  conceived,  likcwi»r 
ftwn  alJ  the  drops  of  rain  which  lie  on  the  surface  of  the  come, 
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whicb  arisen  i'ruui  the  rcvolutioa  of  the  line  o  v  about  the  axis  o  p ; 
the  eye  will,  therefore,  see  a  circle  of  light,  the  central  point  of 
which  lies  upon  the  sti*aight  line  drawn  through  the  eye,  and 
whose  radius  nppejirs  under  an  angle  of  42*^  30'- 

In  the  direction  mentioned  wc  observe  a  circle,  which  appears  aa 
a  red  ring,  about  30'  in  breadth,  in  consequence  of  the  sun  not 
being  a  mere  point,  but  a  disc,  whose  apparent  diameter  is  30'. 
But  as  the  effective  violet  rays  emerge  in  a  direction  making 
an  angle  of  40"  30'  with  the  incident  rays,  the  eye  perceives 
a  violet  ring  about  30'  broad,  whose  radius  amounts  to  only 
40*^  30'.  Between  these  external  area  we  observe  the  other 
prismatic  colours,  and  thus  the  rainlww  forms  as  it  were  a 
spectrum  extended  into  a  circular  arc.  Tlic  whole  breadth 
of  the  rainbow  averages  2^,  since  the  radius  of  the  red  bow  is 
2**  greater  than  that  of  the  Wolet. 

The  extension  of  the  coloured  arc  obviously  depends  on  the 
sun's  altitude  above  the  horizon.  When  the  sun  is  fast  going 
down,  the  rainbow  appears  in  the  cast,  the  centre  of  the  bow 
then  lying  exactly  in  the  horizon,  since  the  line  drawn  through 
the  sun  and  the  eye  is  then  a  horizontal  line;  when  the  obsener 
stands  on  a  plane,  the  rainbow  then  forms  an  exact  semi-circle ; 
be  can,  however,  see  more  than  a  semi-circle,  if  he  stand  on 
an  isolated  mountain-top  of  small  breadth.  At  sim-ri.sc  the 
rainbow  appears  in  the  west.  In  proportion  to  the  height  of 
the  sun,  so  much  the  lower  ia  the  centre  of  the  coloured  bow 
below  the  horizon,  and  consequently  so  much  the  smaller  ia  the 
|)ortion  of  the  bow  Wsible  to  the  eye.  If  the  sun's  elevation  above 
the  horizon  ia  42*^  30',  no  rainbow  is  any  longer  visible  to  an 
observer  standing  on  a  plane  at  the  level  of  the  sea,  since  then  its 
summit  coincidea  with  the  horizon,  and  the  whole  are  falls  below 
it.  Prom  the  masts  of  ships  wc  often  observe  rainbows  forming  a 
perfect  circle.  Such  circular  rainbows  are  also  oflen  observed  in 
WBtci'falls  and  fountains. 

Besides  the  rainbow  already  described^  we  also  usually 
observe  a  second  and  larger  one,  concentric  with  the  first,  but 
having  the  order  of  the  colours  reversed,  in  the  exterior 
rainbow  the  red  being  the  inner,  and  the  violet  the  exterior 
colour.  The  external  i-ainbow  is  much  the  paler  of  the  two, 
and  has  the  colours  much  less  strongly  developed.  Formerly 
it  was  erroneously  believed  that  the  second  rainbow  was  a  mere 
image  of  the  first.  The  formation  of  the  outer  bow  depends 
on  exactly  the  some  principles  as  that  of  the  inner  bow,  and  is 
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produced  by  the  sun's  rays,  which  have  undcr^ne  a  second  refnc- 
tion  and  a  second  internal  reflection  in  the  rain-drops. 

In  Fig.  523  is  represented  the  course  which  a  ray  of  light 
^i^j  525.  pursues  in  the  rain-drop  in  order  to 

be  B  second  time  reflected.  S  A\» 
the  incident  ray,  which  is  refracted  to 
the  direction  A  B,  then  reflected  at 
B  and  C,  and  finally  refracted  at  D 
in  the  direction  D  O.  In  this  caie 
the  incident  and  the  emergent  nyi 
intersect,  fonning  with  one  another 
an  angle  d,  whose  magnitude  varies 
according  as  the  incident  rav  im- 
pinges on  the  drop  at  another  place,  therefore  under  another 
angle  of  incidence. 

In  this  case  the  eflectire  emergent  red  rays  form  an  angle  of  W, 
and  the  efl^cctive  emergent  violet  rays  an  angle  of  58J**  with  the 
incident  rays ;  the  eye,  therefore,  perceives  a  series  of  concentric 
coloured  rings,  the  innermost  of  which  is  red,  and  has  a  rsdins 
of  50",  whilst  the  outermost  one,  the  riolet,  has  a  radius  d 
53i«. 

The  outer  rainbow  is  the  paler  because  it  is  formed  b?  rays 
which  have  undergone  a  second  internal  reflection,  and  (as  is  irell 
known)  after  every  reflection  light  becomes  weaker,  Wc  should 
be  able  to  see  a  third,  and  even  a  fourth  rainbow,  formed  by  rayi 
which  had  undergone  three  or  four  mtemal  reflections,  if  the  Kj^ 
of  these  rays  were  not  too  faint. 

Halo$  and  Parhelia, — "Wlieu  the  sky  is  invested  with  hgbt 
clouds,  we  oftcD  obsen-e  coloured  rings  close  round  the  sun  and 
moon.  These  rings  are  frequently  imperfect,  and  mei«  portions. 
The  fact  that  lunar  halos  are  more  frequently  observed  than 
solar  halos,  is  dependent  on  the  circumstance  that  the  sun's  light 
is  too  dazzling;  the  latter  arc,  however,  seen  on  observing  thenu^ 
image  in  still  water,  or  in  a  mirror  blackened  at  the  back.         ,^H 

These  halos  present  the  greatest  similarity  to  the  glon 
observable  round  the  flame  of  a  taper  on  looking  at  it  through 
a  glass  plate  on  which  lycopodium  seed  has  been  strewed ;  in 
fact,  both  these  phenomena  depend  on  the  phenomena  of  inter- 
ference ;  the  vesicles  of  vapour  may  replace  the  minute:  particltt 
of  seed  in  the  latter  case. 

Sometimes  we  also  notice  two  larger  coloured  circles  around  the 
nm  and  moon;    these  must   not  be  mistaken   for  halos.     Tbc 
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r&dlua  of  the  smaller  of  these  luminons  rings  appears  under  an  angle 
of  22  or  23**,  whilst  that  of  the  greater  under  au  angle  of  46^  or 
47",  The  red  in  them  is  inverted  inward ;  the  inner  edge  is  the 
sharper,  the  outer  is  more  undefined  and  leas  decidedly  coloured. 
The  two  circles  rarely  appear  simultaneously.     Fig.  524  exhibits 

no.  524. 


the  phenomenon  as  wc  have  most  commonly  the  upport  unity  of 
observing  it ;  the  smaller  ring  has  a  radius  of  22^^  or  23" ;  it  is 
intersected  by  a  horizontal  streak  of  light,  wliich  often  extends  to 
the  sun  itself.  The  streak  is  brightest  at  the  points  where  it 
intersects  the  ring  of  light;  these  bright  spots,  which  we  obsen'e 
on  both  bides  of  the  sun  on  the  outer  circumference  of  the  ring, 
arc  the  parhelia ;  sonietinica  one  such  parhelion  appears  vertically 
above  the  sun  at  the  summit  of  the  ring;  but  at  this  point  also, 
there  is  often  seen  an  arc  of  contart,  as  shown  in  Fig.  524.  More- 
over, "we  often  obseiTC  parhelia  without  rings,  or  rings  without 
parhelia.  Tliese  rings  and  parhelia  never  appear  in  a  perfectly 
unclouded  sky,  but  only  when  it  is  overcast. 

The  appearance  of  these  rings  has  been  explained  by  assuming 
that  light  is  refracted  by  the  crystals  of  ice  suspended  in  the 
atmosphere.  If  the  icicles  are  six-sided  prisms,  the  two  non- 
parallel  and  non-joining  sides  always  form  with  one  another  an 
angle  of   60**;    the   icicles  form,    therefore,    regular,   equilateral, 
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triangular  prisma,  in  which  the  minimum  of  deviation  is  sbout 
23**.  Rays,  which  have  undergone  in  the  icicles  the  mininiuin 
of  deviation,  are  analogous  to  the  active  rays  in  the  rainhow,  since 
many  rays  emerge  very  nearly  in  the  sarac  direction.  Thii 
hypothesis,  therefore,  explains  at  the  same  time  the  formatioa  of 
the  ring,  its  size,  and  the  order  in  which  the  colours  take  place. 

The  ring  of  -1^"  is  explained  hy  the  assumption  that  the  axis  of 
the  prisms  stands  obliquely,  in  such  a  manner  that  the  right  angle 
which  the  lateral  surfaces  of  the  prism  make  with  the  base  is  the 
refracting  angle  of  the  prism.  For  a  prism  of  ice,  whose  rcfraclmg 
angle  is  90",  the  minimum  of  deviation  is,  in  point  of  fact,  46^. 

The  light  streaks  accompanying  the  parhelia  are  explained  by 
the  reflection  of  the  sun's  rays  from  the  vertical  surfaces  of  llic 
crystals  of  ice.  The  streak  is  brightest  where  it  cuts  the  ring  of 
23**,  since  here  two  causes  co-operate  to  affect  the  stron^r 
illumination. 

Iffnis  Ftituus,  or  the  JViU'0*'ihe-Jllspf  is  the  name  usually 
given  to  certain  llauies  seen  in  raarahy  lands,  moors,  churchyards, 
&c.,  in  fact,  wherever  putrefaction  and  decomposition  arcgoiugoo; 
they  nsually  appear  a  little  above  the  ground,  exhibit  n  flickering 
and  unsteady  motion,  and  soon  again  vanish.  Although  we 
arc  usually  in  the  habit  of  treating  these  lights  as  thomu^y 
understood  phenomena,  there  is  yet  great  uncertainty  regarding 
them,  since  they  have  not  been  sufiiciently  explained,  and  wlul  is 
considered  as  matter  of  fact  not  at  all  times  to  be  received,  owing 
to  the  circiunstance  that  most  |>erson8  who  have  sceu  thcrii  were 
not  in  a  state  to  make  accurate  observations,  and  to  explain  in 
nnprcjudiccd  manner  what  they  saw, 

VoUa  held  the  opinion  that  these  lights  were  caused  by  n 
gas  (light  carburctted  hydrogen)  inflamed  by  an  electric  spark.  Bui 
from  whence  could  the  spark  arise  ?  Others  arc  of  opinion  thai 
they  are  caused  by  phoaphurctted  hydrogen,  which  inflamea  u 
soon  as  it  comes  into  contact  with  atmospheric  air ;  but  then 
there  would  be  a  momentary  flash  accompanied  by  a  puff  of 
smoke,  and  not  a  prolonged  feeble  light,  such  as  is  observed. 
Tlie  most  probable  view  is  that  they  arc  caused  by  hydrogen 
gas  containing  phosphorus,  which  does  not,  properly  speaking, 
biuTi  as  a  flame,  but  is  only  faintly  phosphorescent. 

Falling  atars,  fire-ballsj  atul  meteoric  Htotus. — The  a{>pearance 
presented  by  fulling  stars  is  so  generally  known  as  to  rvquirr 
no  detailed  description.     It  has  been  ascertained  by  corresponding 
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rvations  that  the  height  of  falling  stars  averages  34  or  35 
(German)  niilc^,  and  that  they  move  with  a  relocity  varying  firom 
4  to  8  (German)  miles  in  a  second. 

A  very  remarkable  phenomenon  connected  with  falling  stars,  is 
the  periodically  recurring  showers  which  liave  been  observed  from 
the  12th  to  the  14th  of  November,  and  on  the  10th  of  August 
(the  Feast  of  St.  Lawrence) ;  these  periodic  showers  of  stars  of 
the  latter  date  are  noticed  in  an  ancient  English  church  calendar, 
and  arc  termed  the  fiery  tears  of  the  Saint.  One  of  the  most 
considerable  of  these  showers  of  stars  was  observed  in  North 
erica  on  the  12th  and  13th  of  November,  1833  ;  they  appeared 

fall  almost  in  contact,  like  Hakes  of  snow  in  a  snow-storm,  and 

was  calculated,  that  in  the  course  of  nine  hours  no  less  than 
,000  fell. 

Fire-bails  appear  to  have  the  same  origin  and  to  be  of  the 
same  nature  as  the  falling  stars  just  described,  and  to  differ  from 
them  merely  in  siEc.  Fire-balls  have  been  seen  amongst  the  great 
falling  stars. 

Fire-balls  explode  with  a  great  noise,  and  stony  masses  then 
fall  from  them,  known  as  meteoric  stones,  or  aerolites.  Even 
during  the  day-time  such  meteoric  stones  have  been  seen  to  fall, 
with  a  loud  report,  from  small  gray  clouds. 

^Meteoric  stones,  just  fallen,  are  still  hot,  and  in  consequence 
of  the  velocity  of  their  fall,  penetrate  the  earth  to  a  greater  or 
less  degree. 

About  the  era  of  the  last  century,  there  was  a  strong  tendency 
to  regard  the  falling  of  stony  masses  from  the  atmosphere  as 
fabulous;  but  since  that  period  various  coses  have  occurred  which 
have  been  observed  by  several  persons,  and  have  been  attested  to 
by  men  in  whom  confidence  must  be  placed.  We  may  especially 
mention  the  meteoric  stone  that  fell  at  Aiglc,  in  the  department  of 
Orne,  on  the  26th  of  April,  1803,  exajuincd  by  Biot,  and  that  on 
the  22nd  of  May,  1808,  and  that  at  Stauncrs,  in  Moravia.  On 
the  13th  of  November,  1835,  (at  the  period,  therefore,  of  the 
falling  stars),  a  house  in  the  department  of  Ain,  was  set  on  tire  by 
an  aerolite. 

Meteoric  stones  have  a  peculiar  physiognomy,  by  which  they 
may  be  distinguished  from  nil  terrestrial  fossils ;  but  notwith- 
standing this,  they  differ  so  much  individually,  that  Chiadnif 
who  devoted  much  attention  to  these  subjects,  regarded  it  as 
difficult  to  assign   to  them  a  general  character.     One  of  their 
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most  marked  characteristica  is,  however,  their  containing  a  oertaiB 
amount  of  native  iron,  and  a  bituminous,  gUst^ning^  sometimct 
raised  C3lemal  crust,  which  is  scarcely  ever  absent.  A  furtikcr 
description  would  involve  us  too  deeply  in  mineralogical  det«ils. 

Stony  masses  have  been  found  at  varioua  spots  on  the  earth's 
surface,  perfectly  distinct  in  geological  character  from  the  moon- 
tain  range  in  the  vicinity,  but  presenting  the  greatest  similarity  to 
stones  known  to  be  of  meteoric  origin.  Hence  such  masses  vt 
considered  to  be  aerolites. 

The  mass  of  meteoric  stones  is  often  very  great;  th^  hmt 
been  found  weighing  from  a  few  pounds  up  to  400  cwt. 

It  can  hardly  be  longer  doubted  that  faUing  stars,  fire-balls,  lad 
meteoric  stones,  are  of  cosmical  origin,  or  that  they  are  most 
probably  masses  which,  like  the  planets,  revolve  round  the  sun, 
and,  being  drawn  within  the  sphere  of  the  earth's  attraction, 
fall.  The  fire  and  light  accomjmuying  them,  are  most  easilf 
accounted  for  by  the  assumption  that  these  minute  spheres 
are  suiTounded  with  an  atmosphere  of  inflammable  gas,  which 
inflames  on  entering  into  the  oxygenized  atmosphere  of  our  etiih. 
If  we  assume  that,  besides  the  innumerable  individual  tnssMS 
of  this  kind  revolving  round  the  sun,  whole  swarms  of  them  form 
a  ring  roiuid  that  body,  and  further,  that  the  plane  of  this  rin|: 
cnts  the  earth's  orbit  at  a  defluite  point,  we  have  an  explanation  of 
showers  of  the  periodic  falling  stars. 


CHAPTER   V. 


ON    ATMOBPHRRIC    ELECTRICITT. 


Original  discovertj  of  aimospheric  eUctridty. —  Otto  vtm  Guerihr 
the  distinguished  inventor  of  the  air-pump,  was  the  first  who 
observed  an  electric  appearance  of  light.  About  the  same  time, 
Wali  noticed  a  vivid  spaik,  and  heard  a  strong  rustling  sooad, 
on  rubbing  a  large  cylinder  of  resin,  and  it  is  a  remarkable  tbutfr 
that  the  first  sparks  drawn  by  the  htimau  hand  were  compared  to 
lightning.  These  sparks  and  these  cracks  seemed,  says  HaU, 
to  a  certain  degree,  to  represent  thunder  and  hghtning.  The 
analog)-   was   surprising;    in    order,    however,    to  test    its  truth. 
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to  detect,  in  so  minute  an  appearance,  the  causes  and  laws  of 
one  of  the  grandest  phenomena  of  nature,  it  was  requisite  that  there 
should  be  a  more  direct  proof.  Whilst  in  Europe  men  occasionally 
asserted  that  lightning  was  actually  an  electric  phenomenon, 
its  ejtperimental  proof  was  established  in  America.  Franklin, 
after  making  many  electrical  discoveries^  especially  on  the 
Leydeu  jar,  and  on  the  influence  of  points,  arrived  at  the  happy 
idea  of  searching  for  electricity  even  in  thunder  clouds;  he  concluded 
that  metallic  points,  placed  on  lofty  buildings,  would  draw  off  the 
electricity  from  the  clouds.  He  waited  with  impatience  for  the 
completion  of  a  steeple  then  being  constructed  in  Philadelphia ; 
but,  at  length,  weary  of  waiting,  he  had  recourse  tu  another 
plan,  which  gave  him  even  more  certain  results.  Since  all  that  was 
requisite  was  to  raise  a  body  a  sufficient  height  in  the  air,  be 
conceived  that  a  kite,  a  child's  toy,  would  answer  his  purpose  as 
well  as  the  highest  steeple.  He  availed  himself  of  the  first  thunder- 
storm in  order  to  try  his  experiment ;  accompanied  by  a  aingle 
person,  his  own  son,  since  he  was  afraid  of  ridicule  if  his  attempt 
failed,  he  set  off  into  the  open  country  and  began  to  fly 
his  kite.  A  cloud  of  great  promise  passed  over  them  without 
producing  the  least  action.  ^Vnothcr  passed  over,  but  he  could 
draw  no  sparks,  nor  could  he  see  any  signs  of  electricity.  At 
length  the  fibres  of  the  string  began  to  separate  from  one  another, 
and  he  heard  a  rustling  noise.  Encouraged  by  these  signs, 
Franklin  applied  his  finger  close  to  the  end  of  the  string,  and 
then  observed  the  emission  of  a  spark,  which  was  quickly  followed 
by  many  others.  s. 

Franklin  prrforraed  his  experiment  in  June,  1752,  it  was 
uniTersally  rq)eatcd  with  the  same  restilts.  De  Romas,  at  Nerac, 
influenced  by  the  first  idea  of  Frankhn,  had  likewise  thought 
of  making  use  of  a  kite  instead  of  elevated  points.  Without 
having  received  any  account  of  the  results  arrived  at  by  Franklin, 
he  obtained  in  June,  1763j  very  powerful  evidences  of  electricity, 
owing  to  his  ingenious  contrivance  of  laying  a  fine  metal  ^ire 
the  whole  length  of  the  string.  In  the  year  1757,  De  Romas 
repeated  his  experiments,  and  obtained  sparks  of  surprising  size. 
"  Let  the  reader  only  imagine,"  says  he,  "  streaks  of  fire  from 
9  to  10  feet  in  length,  and  1  inch  in  breadth,  accompanied  by  a 
cracking,  which  was  louder,  or  as  lou<l,  as  a  pistol  shot.  In 
less  than  an  hour  I  obtained  at  least  thirty  such  sparks,  not  to 
count  the  thousands  which  were  7  feet  long,  or  less," 
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Notwithstanding  the  measures  of  precftution  taken  by  thia 
«kilful  experinieut^isiE^r,  he  was  struck  down  by  the  nuleoce  of 
the  charge. 

These  experiments  prove  most  completely  that  lightoing  is  only 
an  electric  spark. 

Efectricitij  during  a  thunderstorm. — On  examining  the  electnca) 
condition  of  the  clouds  wliich  gradually  pasa  over  the  kite,  ve 
perceive  that  they  are  sometimes  charged  with  positive  or  nepnTc 
electricity,  and  sometimes  in  a  natural  condition.  Altbough  »e 
know  nothing  of  the  distribution  of  electricity  in  the  clouds,  thf 
attraction  and  repulsion  of  the  unequally,  or  equally  electrified 
clouds,  is  doubtlesAr/'the  cause  of  the  extraordinary  moticii»| 
observed  in  the  heavens  during  a  thunder-storm.  During  this] 
general  Agitation  of  the  atmosphere,  we  see  lightning  flash  through 
the  sky  and  hear  the  thunder  roll.  These  phcnumena  we  are  now 
about  to  consider  more  attentively. 

We  often  sec  lightning  break  from  the  clouds,  and  flash  fiir 
across  the  sky.  On  observing  this  phenomenon  below  our  ft'ct, 
from  high  mountains,  we  are  able  to  form  a  more  correct  ides  of 
ita  extent,  and  all  observcTB  tgree  in  stating  that  under  similir 
circumstances  they  have  observed  flashes  of  lightning  of  at  leasts 
German  mile  in  length ;  we  alst)  know  that  several  flashes  proceed 
from  the  same  cloud;  finally,  it  is  known  that  lightning  generally 
dcacribcs  a  zigzag  line ;  this  form  is  common  to  lightning,  and  to 
the  electric  spark. 

The  vesicles  of  vapour  which  form  clouds,  are  not  such 
|>erfect  conductors  as  metals;  and  although  we  do  not  know 
the  laws  of  equilibrium,  and  the  distribution  of  electricity  in 
imperfect  conductors,  it  is  still  cridcnt  that  they  do  not  pcrfcttly 
discharge  themselves  at  once^fjntdj  that  they  can  be  brought  back 
to  their  natural  condition  by  oiciv  spailci ;  this  explains  the  rea:$OQ 
why  the  same  cloud  emits  several  flashes. 

The  length  of  the  lightning  appears  also  to  be  a  consequence  of 
the  imperfect  power  of  conduction  in  clouds,  and  the  mobility 
of  the  particles  of  which  they  consist.  We  may  obtain  sparks 
of  1  metre  in  length,  through  dry  air,  from  the  conductor  of 
the  best  kind  of  electrical  machines ;  the  8i>ark8,  howerer,  ire 
still  longer  when  carried  off  over  woollen  or  silk  subtanccs  that 
have  been  scattered  over  with  dust ;  in  the  same  manner  we  should 
also  obtain  longer  sparks  through  a  mist,  if  it  did  not  too  much 
diminish    the   tension   of  the   electricity.      In  order  to  explain 
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re  must  assume  that^  on  the  course  which 
it  takes,  the  particles  of  vajKiur  are  already  electriticcl  by  induc- 
tion, and  that  finally,  when  the  lightning  appears,  the  disturbed 
equilibrium  is  restored  from  one  layer  to  another,  and  that  to 
a  eertttin  extent,  sparks  only  pasa  from  one  particle  to  another, 
k^iKtfe  the  electric  fluid  does  not  traverse  the  whole  course  inter- 
vening between  the  remotely  separated  clouds. 

Thunder  is  not  more  difficult  to  explain  thiui  the  noise  of  a  Bmall 
electrical  spark,  and  arises  from  the  vibrations  of  the  powerfully 
agitated  air.  We  see  the  light  along  the  whole  course  of  the 
lightning,  and  the  report  arises  simultaneously  npon  the  whole 
extent  of  the  line ;  as,  however,  sound  is  more  slowly  propagated 
than  light,  traversing  only  340  metres  in  one  second,  we  see 
the  lightning  before  we  hear  the  thunder ;  an  observer,  standing 
near  one  end  of  the  course  of  the  lightning,  will  not  at  once  hear 
the  sound  prising  simultaneously  at  all  points.  l£  we  assume 
that  the  lightning  is  3400  metres  tttstMit,  and  the  obMCr\'cr  stands 
iu  the  prolongation  of  its  course,  the  sound  will  reach  him  from 
the  most  remote  extremity  of  the  lightning,  only  10  seconds 
later  than  from  the  part  lying  nearest  to  him.  As,  consequently, 
sound  rejiehes  the  ear  of  the  obscr\er  only  by  degrees  from 
different  parts  of  the  flash,  he  does  not  hear  an  instantaneous 
noise,  but  a  more  or  less  prolonged  rolling  of  the  thunder, 
increased  in  intensity  by  the  echo  of  the  clouds,  and  the  duration 
of  this  souud  depends  upon  the  length  of  the  lightning,  and  bis 
position  of  the  obscn'cr  with  regard  to  its  course. 

Not  only  during  thunder-storms,  but  even  during  a  clear  state 
of  the  atniospherc,  we  may,  by  aid  of  a  good  electroscope,  shew 
the  existence  of  an  electrical  tension  in  the  atmosphere. 

AVilh  regard  to  the  origin  of  atmospheric  electricity,  we  actually 
know  nothing,  although  a  very  great  deal  has  been  written 
on  this  subject.  Some  are  of  opinion  that  the  electricity  of 
thunder-clouds  originates  in  a  rapid  condensation  of  the  atmos- 
pheric aqueous  vapour,  and,  therefore,  that  electricity  is  a 
consequence  of  the  rapid  formation  of  dense  clouds. 

Effects  of  lightning  upon  the  earth. — If  we  suppose  that  a 
thunder-cloud  hovers  from  2  to  6  thousand  metres  alK»vc  the 
■^ea,  or  over  a  large  lake,  and  if  we  assume  it  to  be  charged 
"^ith  positive  electricity,  it  will  act  inductively,  the  +  electricity 
in  the  water  will  be  repelled,  and  the  —  accumulated  upon  the 
Burfacc  of  the  water  ^  this  accumulation  may  be  sufficiently  grea^ 
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to  occasion  a  marked  elevation  of  the  water,  being  able  to  form 
a  large  wave^  a  water  moantain^  as  it  were,  which  will  coDtinae 
as  long;  as  the  electrical  condition  lasts;  this  latter,  however,  msy 
terminate  in  three  different  wap. 

1.  When  the   electricity  of  the  cloud  is  gradually  disaipated 
without  any  discharge  taking  place,  the  naturally  electrical  conditioa 
of  the  water  will  thus  by  degrees  be  restored.      2,  When  a  flai^^ 
passes  between  the  thunder-clouds,  or  a  flash  takes  place  bctw|^^| 
the  cloud  and  some  remote  places  on  the  earth,  coauniiilllfly,  wh^^ 
the   cloud   is   suddenly   discharged,    the    electricity   accumulated 
on    the   surface   of  the   mountain   of  water,   quickly  flows   off, 
and  is  replaced  by  its  opposite  kind,  and  equilibrium  is  in  this 
manner  at  once  restored.      3.  When  the   tbunder-cloud  is  near 
enough,  and  sufficiently   strongly  charged   with   electiicicy,  the 
lightning  posses  over.     This  direct  stroke  generally  occasions  a 
more  considerable  swelling  up  of  the  water  than  the  back-stroke 
8uch  a  shock  cannot  take  place  without  producing  a  mechanicsl 
action  upon  the  ponderable  elements. 

We  will  now  consider  the  actions  of  thunder-clouds  upon 
land. 

A  gradual  separation  and  reunion  of  the  electricity  prodocai 
no  visible  actions;  it  appears,  however,  that  such  disturbanon 
of  the  electrical  equilibrium  may  be  felt  by  organic  beingii 
and  have    been  ^  experienced    by  persons  affected  with    ncrvoM 

The 'feaBk-strokc  ts  always  less  Wolent  than  the  direct  sho^; 

and  ikere  is  no  evidence  extant  of  its  having  occasioned  ignition, 

ralthoughl  there  is  no  lack    of  examples   showing  that  men  sod 

animals  have  been  struck  dead  by  it ;  in  these  case«  the  bodies  hare 

no  limbs  broken,  and  present  no  trace  of  wounds  or  marks  of  bums. 

The  direct  stroke  produces  the  most  fearful  actions ;  on  tbe 
lightning  striking,  it  marks  the  spot  where  it  struck  the  grooBd 
by  one  or  more  holes  of  various  depths. 

Everything  that  is  raised  above  the  surface  is  therefore  pecu- 
liarly exposed  to  the  stroke  of  the  bghtning;  hence  it  happcDS 
that  animals  are  struck  down  in  the  middle  of  a  plain :  other  cir- 
cnmstances  being  the  same,  one  is,  however,  safer  upon  a  non-ooa- 
ducting  than  on  a  good  conducting  surface. 

Trees  arc  good  conductors,  owing  to  the  sap  circulating  in 
them;  when  a  thunder-cloud  passes  over,  a  strong  accumulation 
of  electricity  takes  place  in  the  trees,  and  on  this  account  we  »sv 
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with  justice  that  trees  attract  the  lightning :  we  ought  never, 
therefore,  to  seek  [irotcction  during  a.  thundcr-stonn  under  trees, 
espceiaUy  under  such  as  stand  alone,  or  even  under  bushes  stand- 
ing exposed  on  n  plain.  Buildings  are,  generally  speaking, 
oonstructed  of  metal,  stone,  and  wood.  The  action  of  thunder- 
clouds on  these  substances  varies  with  the  difference  of  their 
nature.  AMien  the  lightning  strikes,  it  especially  attacks  the 
better  conductors,  wfhether  they  un*  free  or  surrounded  by  worse 
conductors;  the  du^rmutiog  ftfrcc  of  the  atmosiihcric  electricity 
acta  OS  well  upon  the  nail  driven  into  the  wall,  as  upon  the 
weather-eock  projecting  in  the  air. 

The  mechamcai  actions  of  lightning  are  usually  very  violent. 
When  lightning  strikes  a  room,  the  furniture  is  thrown  down  and 
broken,  and  metallic  substances  are  torn  out  and  hurled  far  away. 
*^^$rce«  are  cleft  and  split  asuiulcr  by  lightning,  we  are  usually  able  to 
trace  a  deep  furrow,  many  ccntiinetren  in  breadth,  which  runs 
&om  top  to  bottom,  the  peeled  bark  and  the  torn  splinters 
may  be  found  thn)\m  far  off,  and  we  often  obscn'c  at  the  bitttom 
of  the  tree  an  aperture  through  which  the  electrical  fluid  passed 
into  the  grouud. 

The  physical  actions  of  lightning  show  a  more  or  less  conside- 
rable elevation  of  temperature.  Wlien  lightning  strikes  a  straw 
shed,  dry  wood,  or  green  trees,  a  carbonisation,  or  even  ignition  takes 
place  ;  in  trees  there  is  seldom  any  trace  of  the  former.  Metals  arc 
strongly  heated,  melted,  or  volatilized  by  the  lightning,  llepeated 
strokes  on  high  mountains  produce  evident  traces  of  fusion. 

Lxghtninif-conductors  consist  of  a  pointed  metallic  rod,  projecting 
into  the  air,  and  of  a  good  conductor  connecting  the  rod  with  the 
ground.  The  following  conditions  must  be  fulfilled  where  these 
instruments  effect  the  purposes  for  which  they  are  designed : 

1.  Tlic  rod  must  terminate  in  a  very  fine  point. 

2.  The  connection  with  the  ground  must  be  perfect. 

3.  No  mterruptiou  nniat  occur  from  the  point  to  the  lower  part 
of  the  conducting  rod.  ^'^>> 

4.  All  parts  of  the  apparatus  must  have  4be  same  dimen- 
sions. 

When  a  thunder  cloud  hovers  over  the  lightning-conductor, 
the  combined  electricities  of  the  rod  and  the  conducting  medium 
will  be  decomposed,  the  electricity  will  be  rei^Ued,  which  is 
the  same  as  the  one  contained  in  the  eloud,  and  diffuse  itself 
freely  in  the  earth,  whilst   the  opposite  electricity  will  he  attracted 
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towards  the  point,  whence  it  can  flow  freely  into  the  air,  and  thuaJ 
an  accumulation  of  electricity  in  the  lightning  conductor  will  bej 
rendered  iin])osHible.  Whilst  the  conductor  is  thus  in  activity,* 
and  the  opposite  electricities  pass  through  it  in  an  opposttel 
direction,  we  may  without  danger  approach  and  even  touch  it, 
since  no  discharge  ia  to  be  feared  when  there  ia  no  electrical  | 
tension. 

If  we  assume  that  one  of  the  three  first   named  condit 
is  not  fulfilled,   that  the  point  is  blunt,  the  medium  conductinj 
into  the  ground  imperfect  or  interrupted,   it  is  evident  that  an     i 
accumulation  of  electricity  in  the    lightning-conductor  will  not  I 
only  be  possible,    but    even    unavoidable ;    it  will    then    form  i  " 
charged   conductor,    in    which    an    immense    mass    of   electricity 
will  be  accumulated,  from  whence  we  may  draw  stronger  or  weaker 
sparks. 

If  only  the  point  be  blunt,  the  lightning  may  strike,  bat  it 
will  follow  the  conducting  medium  without  destroying  tbe 
building. 

If  the  conducting  medium  be  interrupted,  or  the  connection 
with  the  ground  imperfect,  the  lightning  may  likewise  strike, 
it  will,  however,  distribute  itself  laterally  to  other  conductorsy 
and  occasion  the  same  disturbances  that  would  occur  if  there 
were  no  lightning-conductor. 

Yet  more :  a  lightning-conductor  having  this  deficiency  is 
very  dangerous  even  where  the  lightning  does  not  strike;  for 
when  at  any  part  of  the  conducting  medium,  the  electricity  is 
sufficiently  accumulated^  a  spark  may  strike  sideways,  and  crush  or 
set  fire  to  any  objects.  We  may  illustrate  this  by  the  following 
melnucholy  incidcut.  Richviann,  Professor  of  Physics  at  St. 
Petcrsbvirg,  was  suddenly  struck  dead  by  the  emission  of  a  spark 
which  escaped  from  the  lightning  conductor  attached  to  his  house, 
the  connecting  medium  of  which  he  had  interrupted  in  order 
to  examine  the  electricity  of  the  clouds.  Sokohw,  engraver  to 
the  Academy,  saw  the  spark  strike  Richmann  on  the  fore- 
head. 

After  having  stated  what  conditions  must  be  fulfilled  in  order 
to  make  a  lightning-conductor  efficient,  and  what  dangers  may 
ensue  from  the  neglect  of  these  precautions,  there  still  remain* 
something  to  be  said  of  the  practical  arrangement  of  this  ajipa- 
ratuB.  Gay-Litssae,  under  the  auspices  of  the  Academy  of  Sdences, 
has,  at  the  suggestion  of  the  Minister  of  the   Interior,  drawn 
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up  instructions  relative  to  this 
subject,   which  leave  nothing  more  to 

1^8^      be   deaii*edj  but  from  which  we  can 
S    Jj      only  extract  the  most  essential. 
yi(f  The  rod  of  the  hghtning-conductor 

is  about  9  metres  in  length ;  it  ia 
composed  of  three  pieces,  namely,  an 
iron  rod  of  8,6  metres  in  length,  a 
brass  rod  of  0,6  ditto,  and  a  platinum 
needle  of  0,05  long,  taken  together 
they  form  a  cone  sloping  upward  in  a 
regular  line.     Sec  Fig.  626. 

The  platinum  needle  is  soldered 
to  the  brass  rod  with  silver,  and  the 
place  of  junction  surrounded  by  a 
covering  of  copper,  as  may  be  more 
clearly  seen  in  Fig.  526. 

The  brass  rod  is  screwed  into 
the  iron  rod,  and  thence  secured 
by  means  of  transverse  pins. 

The  iron  rod  is  often  composed 
of  two  pieces  ill  order  to  facilitate 
its  transport ;  one  of  these  fastens 
into  the  other  by  means  of  a  long 
conical  projection,  2  decimetres  in 
length,  which  is  then  secured  by  a  transverse  piu. 

In  Fig.  528  we  see  three  different  ways  in  which  the  rod  may 
be  fastened  to  buildings.  Under  the  rod,  about  8  centimetr(a 
from  the  roof  a  plate  b*  b*  (see  Fig.  527)  is  screwed,  in  order  to 
carry  off  the  water;  5  centimetres  above  this  platc^the  rod  must 
be  cyhndrically  and  perfectly  well  turned,  in  order  that  a  large 
screw  /  /',  Figs.  527  and  529  may  be  placed  round  it,  in  order 
to  attach  the  conducting  rod. 

The  conductor  is  a  quadrangular  iron  rod,  the  side  of  which 
measures  from  15  to  20  mLllimctrcs^  and  which  is  fastened  to  the 
ring  /  /  by  means  of  screws. 

The  conducting  rod  is  carried  over  the  rnof  and  down  the 
building  into  the  ground.  Everything  depends  upon  bringing 
the  conducting  rod  in  as  good  a  connection  with  the  ground  as 
possible.  If  there  ha]>pen  to  be  any  well  in  the  neighbourhood, 
which  does  not  become  dry,  or  if  a  hole  can   be  bored  to  the 
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depth  at  which  water  is  conatautly  to  be  found,  it  is  sufficient  M 
n  means  of  co^a^?(^^  the  t^ij  if  we  divide  it  into  several  ann». 
In  order  to  incretoc  the  points  of  contact,  the  rod  is  conducted 
through  windings  to  the  well,  or  the  horc-holcj  which  must  lien 
be  filled  with  charcoal. 

This  affords  the  double  advantage  of  protecting  the  iron  tk 
better  fi*om  rust,  and  placing  it  in  connection  with  so  good  t 
conductor  as  the  charcoal.  If  there  be  no  water  in  the  neig))- 
bourhood,  the  rod  must  at  least  be  connected  with  some  damp 
spot  by  means  of  a  long  canal  filled  with  charcoal.  To  effect  i 
still  greater  degree  of  security  we  may  branch  the  conductiiig  rod 
off  into  several  lateral  canals. 

A  rope  twisted  round  with  copper  wire,  as  seen  in  Fig.  630,  » 
often  used  in  the  place  of  a  conducting  rod. 

Am  we  may  easily  see  that  the  hghtning  cannot  enter  a  con- 
ductor, constructed  according  to  these  principles,  it  will  olw  si 
readily  be  understood  that  it  cannot  strike  within  some  distanef 
of  the  lightning-conductor.  The  electricity  which  poors  copiouiW 
firom  the  point,  will  be  attracted  by  the  thunder  cloud,  and  when 
it  has  reached  it,  it  neutralizes  a  part  of  the  original  electricity 
of  this  cloud. 

If,  therefore,  a  thunder  cloud  be  near  enough  to  the  ligbtiuii^- 
conductor  to  act  inductively  on  it,  its  electrical  force  will  aUo 
be  weakened  by  the  efflux  of  the  opposite  electricity  from  the 
point.  The  nearer  the  cloud  approaches,  the  more  strongly  will 
its  inductive  force  act,  but  the  more  also  will  it  be  neuliihicd 
by  the  efflux  of  the  opposite  electricity. 
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The  efficiency  of  the  lightning-conductor  depends^  however, 
likewise  on  other  conditions.  If  other  objects  near  it  project 
beyond  it,  the  electricity  of  the  clouds  may  act  more  strongly 
upon  them  than  upon  it,  and  a  discharge  thus  take  place; 
the  same  is  the  case,  when  there  are  any  considerable  masses 
of  metal,  iron  rods,  or  a  metallic  roofing  in  the  vicinity  of  the 
lightning-conductor.  In  the  latter  case,  we  must  bring  the 
metallic  masses  into  as  good  a  connection  with  the  lightning-con- 
ductor as  is  possible,  in  order  that  the  attracted  electricity  may 
flow  unhindered  through  the  point.  It  is,  consequently,  dan- 
gerous to  insulate  metallic  roofs  from  the  conductors,  as  some 
practical  philosophers  have  proposed  doing.  Fortunately,  the 
means  used  to  effect  such  an  insidation  are  not  sufficient  for 
the  purpose,  and  they  have  thus  produced  only  useless  results. 

Experience  shows  us,  that  a  Hghtning-conductor  applied  with  all 
the  necessary  precaution,  and  of  the  dimensions  indicated,  is  able 
to  protect  a  circle  having  a  radius  of  about  30  metres. 
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CASES    of    PULMONARY   CONSUMPTION,     BRONCHITIS,    ASTHMA,     CHRONIC 
COUfiH,    and    Turluiu   dlseasM    of    the     Lunt;*,    sutccsflfully    treated  by  MedlcAled 

IribalaUoof,  ^10,    London,  1847.  l'«. 

MARTrN.  A  GENERAL  INTBODPCTION  lo  the  NATURAL  HISTORY  of  MAM- 
MIFKKOrs  ANIMALS:  with  a  pnrilcnlor  View  of  tlu>  PhplcJil  Hlitury  of  Mau,  and 
the  more  clovely  ftlllrd  (lenera  of  the  Order  "Quiulmmana.*'  or  Moiiheys.  Illustrated 
wUh  21fG  Auatomlcal,  Oiteological.  and  other  cngrarlogs  ou  wood,  and  IS  full-plate 
Represenlatloosor  Animals,  drawn  by  W   florvey.     1  vol.  6iro.  ISs.     Loudon,  LtMl 

OWXN.  ODONTOORAPHV;  or,  a  Trentlse  on  the  Comparatlva  Aaatoniy  of  the  Teeth  ^ 
Ibelr  rhyslulugiml  RclstUmfl,  Mode  uf  1)« vein pni cot,  and  Microscopical  Slructure  In  the 
Vertebrate  Animals.  By  Kicliard  Owen,  K.R.S.  Correspondent  of  the  Royal  Academy  of 
Sciences,  Paris  and  Prrlln;  Huiileriun  Professor  to  the  Royal  ColleK«  of  Surgeons, 
London.  This  splendid  Wurlt  Is  uuw  cotiiplelcd.  2  vols,  royol  Hiro.  containing  lOtl  plalei, 
balfbound  mssla,  (if.  Tm.  LotiiIoii,  IH4i)-4.'i. 
A  tvm  copies  of  the  plates  hnvr  been  printed  on  India  paper,  2  vols.  4to.  10/.  !0f. 


PHILUPS.     SCROFULA     Its    Nature,   Its  Prevalence,  Its  Causes,   and   the   Principle*   of 

Sarg 
London.  m40. 


TreatiTieiil.     By   Benjamin    Phillips,  F.R.3.      Surgeon  and   Lecturer  on   Surgery     to  the 
Westminster  Huspltal.     1  rol.  h*o.  with  au  engraved  plsle,  li!s. 


"  This  Is  ontf  uf  the  ffw  books  which  may  be  said  tu  be  aHer  the  critic's  own  heart.  It 
ta  a  book  that  wos  wsnted ;  the  object  of  It  is  excelknl,  It  haa  been  carefully  planned  1  the 
InTCsUgallous  required  by  the  plan  have  been  comlDCted  with  the  ulmoti  energy.  Industry 
and  carefulness,  in  a  sufficiently  exteoslve  tleld  nod  uver  a  suSicIeiitly  loii(f  period  of  tinii?  ; 
the  Imineose  mass  of  materials  (bus  obtained  haa  been  ezntnlned  anJ  welglicd  wtti)  the 
greatest  ottenlion  and  Iropartlallly -,  ihe  Inferences  and  results  have  l>e<-n  boaeatly  and 
cautiously  dedaced  and  elaborated,  nnd  condensed  Into  the  smallest  possible  space  con. 
■btent  with  persplniity;  wblle  the  whole  style  and  manner  uf  the  composition  la  such  as 
ought  lo  characterise  the  production  of  a  well^ucated,  a  laamed,  and  an  ezperltnccd 
■nrgeou."— ilnftsA  and  foreign  ilrdical  Betiete. 

PRICRARD.  THE  NATURAL  IIISTORV  of  MAN  -,  comprUlng  Inf|Ulries  Into  Ihe  BfodU 
fyliiK  Induence  of  Pbysicul  uiid  Mural  Aij;ei)cles  on  the  dlffereut  Tribes  of  Ihc  Human 
Family.  By  Jamrs  fowlrs  Prichartl,  M.U.  F.ll.S.  Mltl-A.  Corresponding  Member  of 
the  National  Instilute,  of  the  Royal  Academy  of  Medicine,  and  of  the  Htattstlral  Society  of 
Fraiu-e  }  Alember  of  the  American  Philosophical  Society,  &c.  Ac.  Uad  Edition,  enlarged. 
with  44  coloured  »nd  A  tilnln  illustrations,  m graved  on  steel,  and  UTeDgraviogt  OD  wood, 
royal  ifro.  elegantly  bound  in  cloth.    SU.  6d. 

APPENDIX  to  the  FIRST  EDITION  of  the  NATURAL  HISTORY  of  MAN.  Lifg* 
Svo.  with  S  coloured  plates,  St.  Cd.    Loodon,  IMA. 

SIX  ETHNOGRAPHICAL  MAPS,  as  a  Supplement  to  tlw  Natnral  History  uf  Ham 
and  lo  the  ReHearches  Into  the  Physical  History  of  Mankind.  Polio,  coloured,  and  1 
aheet   of  letter-press,  2U.  j  bound  lu  cloth  boards,  :^4i.     Londoo,  ISU. 

ILLUrriUTIONS  to  the  RESEARCHES  into  the  PHYSICAL  HISTORY  of  MAN- 
KIND. Adas  of  44  coloured  and  6  plain  plaUs,  engraved  on  atecl*  larg«  8?o.  halt. 
hauiid.  IH«.    Londoo,  lB41. 

ON  the  DIFFERENT  FORMS  of  INSANITY,  In  relaUon  lo  JarUprndciHW.  (Dtdleatod 
10  the  Lord  Chancellor  of  England.)      l3mo.  As,      London,  iS^^f. 

B.ATER.  A  THEORETICAL  and  PRACTICAL  TREATISE  on  llic  DISEASES  at  the 
SKIN  By  P.  llavtT,  M.D.  Pbysklso  lo  the  Uuiiltal  de  U  Clianl^.  Traosluted  hy  R. 
WIlDs,  U.l>.  l'n(f  Edition,  retnotlcllcd  and  much  cnlarKCiI,  In  1  thick  vol.  Hvu.  of  l»00 
pages,  u'iib  atlus,  royul  4lo.  of  lf>  plales,  lini'ly  enura%'cd,  and  lulmired  willi  the  greatest 
care.  etlilhlUng  4tm  Varieties  of  Cntaueuus  Aflei  lUms.  4/.  hs.i  Ihe  text  seukrAlel)r,  HVO.  in 
boards,  U    *V. ,  Ihe  attss  4ti.v  separately,  In  hoards,  S/.  ItU.     l.ondon,  IK-IA. 
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aVAM.    Tnr.  TRILOSOPHT  or  UARnUOC,  to  in  Sodul,  Mot«I,  ud  Fftyrfctf 

B-Uh  an  Arconnt  of  tlir  PUeiuri  i>f  Itir  Grnlln-I'rinary  OrgsiH,  wUh  tbv  Phyilolon  rf 
(*cnpratlo(i  In  the  Weetnble  aod  Atilmal  Klnffdonia.  By  hi.  Hy^n  K.V.  -MA  raMlk. 
piTAtly  ImproTcd,  1  rol.  l?mo.  6«      I.an<l4n),  lHVi. 

SHVCKARD.  ESSAY  on  lh*  INDIGENOUS  FORSOBUL  HVMENOPTKRAi  Vfl*. 
pr)a!iif(  u  (incripllou  of  the  Britiah  Spnie*  of  Biirruwlog  S&nd  Wup«  ctnUlaBd  la 
■il  the  AlHrapolftnii  Collrctlon* ;  wlib  (hrlr  boblU  Hi  fu  M  ihr;  bare  been  obaerr*^  VMi 
with  4  plutn.    Ix>Qdon,  |hc>7.     lOn- 

P/fl/f  I.  t*  m'OMtimf^. 

SYME.  PRlNCIPrrS  of  SUnOERY.  By  J.  Syme.  ProfcMOT  of  Cllnlcftl  SoTfcrr  ia  (ke 
ITuirrrftlty  of  Edinliurfh.  .Ird  edtUon.  much  enUinred,  tod  lllu»tr»ted  with  U  pliiMM 
India  paper,  oiid  tH  woodcuts.     1  vol  fhro.  IM*.    LoadvD,  IMS. 

VOOEI*  AND  DAY.  THE  PATBOLOGICAL  ANATOMT  of  tbe  HCHAV  BODY. 
By  Julius  Vo«(i-l,  M.n.  Trftnalated  fro*  the  German,  with  addlUoiu,  by  G«OTf>  IT- 
Day*  U.I>.  Ilhiatrated  wUh  u|iirard>  of  lOV  plalti  and  coloured  cncrarliif*^  oro.  eUtk. 
18c     London,  ItM^. 

VtTASDROP.  ON  BLOOD-LRTTINGi  an  Acnmnt  of  the  Curatlr*  KffecU  nf  the  Ababic- 
tlon  of  Ulood  i  « Ith  Kuld  for  eniployitiB  both  local  and  (caeral  Blood-LtUtng  la  tte 
trvstmcnt  of  DiMUe*.    Vimo.  Af.    Loodon,  ISX*. 

WATERH0U8E.     A  NATURAL  HISTORY  of  the  MAMMALI.V.     ByG.  II.  WalerimiK. 
K>«(.,  uf  th«  Brillkti  BIuKvum.      Vol.   I.  conlalnlug  the  Order  HanupUta.   or    PsncbM 
Anlmnla.   wllh  2^  niaatratloiii,  ctiKfave^  on  alccl,  and  Id  eoffravinffft  oo  wood*  wojtl9m> 
cl«faiitly  bound  In  dolb,  coloured  platea,  34«.  M  ;  pUln,  2M. 
Vol.  II.     Parta  I  to  d  are  oat. 

The  S'titurai  Ilatiay  ttf  MammaUn  it  intended  to  MlArM*  «l  tccmtnt  9f  IWAw<bvt 
4Nd  hnh\f%  »/  nil  fAr  /ritoK-n  t^ef.itu  fif  QumdruptdM,  or  MmmmuUM;  t»  mMeh  wtU  it  mlhC 
o6*frr"ttt'm»  Hpnn  Iheir  fmr«><AUW  dMribtiiim  and  r/nni/lraffoti.  Simet  fA«  />■■>'  "^ 
rcrmt  tj-cfir»  Uluxtrtjtg  rarA  nthrr,  it  ia  hImi  imtendnt  to  inctmdr  MA^ora  iff  W  faaitaf 
rharnctert  ft/ the  esttHt:!  iptiift. 

Thr  (Jemtrrti,  and  mnng  of  thr  tjtrrirt  m'iU  Ac  tlluttmted  iiy  cvrrwrin^'e  am  *tMt,  mad  if 
KiMNtf-u/j.  0/  the  tiiltrr,  tietmeen  Jl/Irrm  and  Bislrrn  hunJrrd  Jlgnrra  mrr  *£rrmtfd.  TV 
inud^fieaiiMU  oh*rfr^t>le  i»  the  $lni<litre  of  thr  akmtU,  teeth,  feet^  amd  itthtr  pmHa,  nil* 
•fdioW  mfirr/y  iUHtlmltd  fry  Aterl  ^irmpi'njfa, 

%*  The  work  trill  oonlloue  to  be  pubUibed  lu  monthly  parta^  IS  arc  ant]  eoloan^  Il 
Plain,  '24   Cid.  ewh. 

WILLIAMS.     ELKMENTS  oi  HEDICINEi  Uorbtd  Polaoot.     By  Rotert  WHUuu,  tf.D. 
PbyslcUn  lu  Si.  Thtinias'i  Hoapilol.      3  rola.  dvo.  R  Ra.  Gd.    Ixiadon,  ia3fi-<41. 
•••  Vol.  II.  Mpamtvty,  ll^.     IfeMl. 

WILLIS.  ILLUHTRATtONS  nf  CUTANEOUS  niSP.A3E  a  Seriaa  of  t>ettiiMt|iiRB  af 
the  AtTectloiift  of  the  Skin.  In  iheir  more  interrfttiu;  and  freifQeDl  forma:  wltJt  ■  Practical 
Summnry  of  their  Svtnptomi,  L>lB^o«li(  and  Treatment,  incladlnir  opproprlolc  FonaoLa. 
By  Hubert  Willi*.  M.P.  Member  of  th«  Royal  Callegc  of  rbyslriana  Tb«  Praw(a|*  uw 
after  Nature,  mid  IJthogmphnl  by  Arch  Heniilng.  Thcofr  llluatrationa  ore  cmnprloRl  la 
'M  PlAtet,  folic.  Tbe  Prawliiga  ore  OriglnaU,  carefully  coloorrd.  Bound  u  rlvtb, 
lettered,  0/.  Ixindoo,  184'i. 
ON  the  TREATMENT  of  STONE  In  the  nLADDEH.  by  Medical  toA  Uccbanlcal  Mmm. 
9ro.  &>,     I^iidon,  ItMfl. 
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BABINGTON.    PRIMITI.i:   FLORX  SARNTC£]   or  an  Ouuina  of  the  Fl«m  of: 
Channel  Itlanila  of  Jeroey,  Oueniiey,  Aldemeyf  and  .Serb.     13mo.  4a.  Laodon,  ]iQ9l 

FIELDING  AND  GARDNER.  SFKTUM  PLANTARUMt  m,  Drawlpga  ami  I>(a- 
rrlptlODt  or  Hare  and  Undctnibed  Planti  from  tbe  Author'a  Herbarlam.  By  H.  B 
Klekling ;  asilated  by  O.  Gardtter,  Supcrtntcodcnt  of  ihe  Royal  BoUalr  GardMa,  CrylaB. 
t^wo.  It.  U.     Undoti,  1944. 


HOOKER.     ICONES    PLANTARUU.     By  Sir  W.  J.  Booker,  Directar  of  tfa»  Royal : 

Gonlena.  Kcw.     New  Series.  Volt,  I— III,  containing  meh  100  plaKa  witb 
tivo.  cloth,    each  vol.    U.  eta.     London.  it*4J — U. 

•••  Vol.  4.  Part  I.  14».      London.  t»45. 
THB  LONDON  JOURNAL  uf  BOTANT.    Volo.  l-ft,  nrjtb  34  plaiM  Mcb.  faeanla.  mi* 
vol.  U.  lOi.     1S42— Ifl.  "^ 

•»•  ALin  puhiUhti  manlh:  i       Prict  '2a.  M. 

NOTES  on  Ihr  BOTANY  of  the  AN Ta  i  ,.;£.    .on.hicted    by  CAPT-  JAIJE« 

CLARK  HOSS.  R.N    K.R.S  ,  In   R.M .-  itf  Trrntri  with  Obwrraiioni  m  tbt 

Tuioac  Onui  of  Ihe  Folhlaod  lilanda.    Hvo.  wllb  «  rolourcd  plal«i,  di.    Loadm,  IMA 


fll9,  Sec«nt  Strefltj  I*oi&don. 
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<J.)  IIXD9TRATI0NS  OF  SOUTH  AMERICAN  PLANTfl,     Ho.  with  Ifl 
London,  l»V.     lU. 

WIGHT.  ILLUSTBATIONS  of  INDIAN  BOTANVt  or  Flgurti  Illuftrallve  or ench  of  ibe 
Natunl  Onlen  of  Indian  PUnU,  ile«riib«<l  In  tlir  Aiithnr'fl  Prorlronitu  Floru*  PcuIosuIb 
Indlvr  Orientnllit;  hut  not  coiinnefl  to  them.  Ity  Pr.  It.  Wight,  F.L.8.  Surgeon  to  the 
Hadrai  EitabliKhmtnt.  Vol.  1,  publiihed  tn  U  purU,  conUlniDR  W  coloured  pUus. 
4/.  i;<.  (U.    UadPU,  lt*aa— 40. 

Vol.  3,  Part  I,  cootAininR  S9  coloured  pUle«.  W.  A«.    Uaitiu.  ItMl. 
•»*  Odd  Pnrti  «i»  he  obtained  to  romftJete  »cts. 

ICONE-S    PLANTARl'M   INDl.E  ORIKNTAI.1^,   or  Figure*  of  IndJ«D    Ptnnlj.     By    Dr 
Robert  Wight,   P.I.S.  Hurnon  to  the  Madras  EitubllKhincat.     Vol.  1.  4Uy  conkUUnf  of 
16  Pan*.  coiitolnUii;   together   ;)I8  plates    4/.     Madru,  ItUH — 10. 
Vol.  2,  eoufllfltln^  of  4  Parti,  ooaUinlng  tn)(Vther  S\i*  pUlM,  &/.  &$.    Uwdna,  lS40 — 13. 
Vol  n,  PartB  1  to  4,  tvllti  Uu^  \*lntc».  (it.     Madrai,  1»U^47. 

*«■  Odd  Parti  majr  bt  otitmwd  tu  vomfiMt  tuts. 

COMTKIBUTIONS  to  the  BUTANY  of  INDIA.  Uy  Dr.  Robert  Wight.  F.L3,  Sorgcoa 
to  tlu  Madna  EftablUbmcnt.     tiro.  7m.  6d.     Londoa.   18M. 

SPICILEGIUU  NEILGB£RRKNSE;  or,  ■  S«l«ction  of  NcUghtfrry  PbuiU,  Drawn  and 
Coloured  from  Nnlurr,  with  Brief  DeacfipUonB  of  each}  wume  Grueral  Rcmarka  oa  the 
Citography  and  AAiiiUes  of  Natural  FauilHe*  of  Plaiita,  and  Occaalonal  Notkea  of  their 
KcoMinlcAl  Propertlei  and  Uses.  Uy  Dr.  Robert  Wi{(hl,  F.L.S.  Surgeoit  to  tlw  Madra* 
Ealabllaluncnt.     4l<'.  with  IWJ  coloured  ptntea,  .'^/. '•«      Xadru,  104S. 

PRODROMUS  FLOIt.'E  PENINSUl,.'!-:  INPI.'E  OHIENTAMS;  containing  Abridged 
I>e«crl|itloii«  of  ibv  Plants  fuund  to  the  Peiili)«aluof  Hrltlvb  I udia,  iirraiiged  according  lo 
the  Natural  SyBteoi  Uy  Dr>.  Robert  Wight,  F.1,.3..  and  Walker- Aruot I.  Vol  1,  thro,  Uis. 
Lowtoa,  ItSSA. 


StOMCEOPATRXC. 


B&tatUOMINI    J.,  m.H.i    SCARliATINAi    lu  Tr«atnient  Homcropolblcally     dm.  U. 

Lotnlori,  l>*4a. 

B<£NNINGHAUBEN.    MANUAL  of  THERAPEUTIC  and   of  MATERIA  UEDICA. 

Traniiated,  with  Adtimuns,  by  S.  Laurlr,  M.D.     t^ro.     1B47. 

GURTB  {P.  P.,  M.D.)     PRACTICK  of  HOMtEOPATBY.     I  vol.  Hvo.  Cm.     Undon,  I8SH. 
PHINCIPLES  of  HOU<EOPATlIV.     1  7ol.  8vo.  Ac.     London,  IKJ7. 
DOMESTIC  HOMtEOPATnV.    Srd  Edition.  I'Jmo.  6i.     Ixindon,  I.SJ4. 
JAHR'3  HOM(EOPATHr.     New  KdiUoti,  2  voU.  12mo.  li-U.     London,  1H47 
ANNALS  ot  the  LONDON  HOMOEOPATHIC  INSTITUTION.      No*.  1  to  W,   Sw.    IJ« 
l»4l— 43. 

•»•  S«  Jamr. 

DUNSrORD  (HARRIS.)     THE  PATHOGENBTIC  EFFECTS  of  SOME  ofth«  PRIN. 
CIPAL  UOMUSOPATHIC  REMEDIES,    ijvo.  U«.     London.  tftW. 
THE  PRACTICAL  ADVANTAGES  uf   HOMtEOPATHV,  ilJuftrated  by  numeruits  Coid 
Dedicated,  by  pennlaalon,  to  Her  Majesty  Quccii  Adelaide.    1  rol.  4ro.  S*.  hoanls.     ItMI. 

EPPS.  DOMESTIC  HOMCEOPATHVi  or,  Rulet  for  the  Docieillc  Treatment  of  tbr  Main- 
dies  of  InfmiiU,  Children,  and  Adults,  and  for  the  Conduct  and  Trealoicnt  during  Picg- 
nanry,  Connaemeiit,  and  Suckling      4tb  Edition,  l2iBO.  *e.  tkf.     London,  1844. 

EVEREST  'T,  B.)      A  POPULAR  VIEW  of  HOMffiOPATHVi    exhthUiog    the    Present 
State  oi  the  Science.     Jtut  Edition,  amended  and  mach  enlarged,    nvo.  6s.     Luiidon,  IBM. 
A  LETTER  addrcucd  to  the  Medical  ProctiUoncra  of  Great   Britain  oct  the  Subject  of 
Homaopalhy.    Bro.  l5. 6rf.     London,  IttH^I- 

OUNTBBR.  NEW  MANUAL  of  HOMffiOPATHIC  VETEIllNAHV  MEDICINEj  or. 
the  Roni.rrjpntbk  Treatment  of  the  Horse,  the  Ox,  the  Dog,  and  oilier  Domestic  AoIUAli' 
Translated  from  the  3rd  German  Kdttloii,  with  cootlderable  AddiUuus  Hud  IinprorvniCBU. 
Posttfro.  lOi.  6(t  cloth.    London,  lt^7. 

JARR.    MANUAL    of   HOMEOPATHIC   MEDICINE.      lu  2  Part*.    Part  I.-Matcua 

Mkuicji.     Part  II.— THa«Ari«0T)CAt    and    SrHPToMATnLooiCAL    RsrostToar.    Trana- 

Uled  from  the  4th  Edition,  and  Edited,  with  Additions,  by  P.  V.  Curio.  M.U.     '2  vols.  6ro. 

U,  ia«.    London,  1^47. 
HUOlVr    ELEMENTARY  TREATISE  upon  HOMtEOPATHV  and  Its  PRACTICKj   wtlh 

•nme  of  the  most  Important   Effects  of  Ten   of  the   Principal    llumorOpathic   Remedies. 

Trnualnterl  by  E.  Bayurd,  M.D.     larao.  2«.  M.     London.  1S40. 
NEW  HOMtKOPATHIC   PHARMACOPtEIA   and  POSOLOGVi    or.    The   Prepamllou    of. 

Humtropnthlc  Hedlctnrf,  aiid  the  AdininlBtrntlon  of  Doses     Translated,  wllh  Additions, 

br  iKRiet  Kitchen,  U.D.    0yo.  i:ti.    Philadelphia.  16-12. 
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BAHNBMANM.       MATERU  MKDICA   PURA.  TnuisUtiMl   and  Edited  bf  riiwte  4. 

Bemp«l.  M.U.      Voli.  I  to  4,  dvo.  A«.  cmch.     N«w  Vork,  lt?4tV 
OBGANON  OF  HOMOEOPATHIC  MEDICINE,     'toi  EdlUoo.  6ra.    lOc    td.  Mv«  VM. 

I»i3. 
THE  CHRONIC  DISKASKS,  their  Spccifir  Nature  anrl  Hotn<FOpatlik  TrrfttmraL    t^a*- 

Iftled   aiid  Edtled  b^  Ctjftrle»  J.  Hem[>«l,  MP.  5  roll.  liOM.  Jl.    New  Yurh.  ItfO. 

BASSIIiTON.  A  GirtPK  TO  THE  PRACTICK  OK  HOftKKOPATHr  Triiwlilitf  Mil 
compllvd.  In  alph«l)«tlcml  order,  from  Uia  Ocrmui  of  Rnol^  Haa*,  and  Baefc«V  wUk 
Adilftiutii.     IJnio.  &•.     t^lpKig,  l&il. 

HARRAL     F.   BXJ^GDONi.    POPULAR   OUTUNES   OF   BOMOCOPATHY.   Um 

l«.     Ljiu!«)n.  l»4»t. 

HARTMANN  iF.j    SPECIAL    THERAPRCTICSi    or.  the  Bonn 

tbe  Acuti!  and  Cbronic   l>l»eaaea.    Tnitul«ted  from  the  .Ird  Gcrm«o 
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A  TREATISE 

ON 

METALLURGY 
AND  THE  CHEMISTRY  OF  THE   METALS. 

BY   DR.   E.   RONALDS, 

LRCTD&ER    ON'    CUKMISTRV     AT    THH    UIODLC^KX     HDlf^PITAL. 

AND   DR.   THOMAS   RICHARDSON, 

or    NKWCASTLE-ON-TYNE. 


The  applications  of  the  abundant  supply  of  metallic  ores,  and 
the  production  from  fheni  of  the  several  ijseful  metals,  althouf^h 
carried  on  to  u  vast  extent  in  thjj^  country,  have  never  been  made 
the  subject  of  a  distinct  Treatise  in  our  language.  No  work 
exists  to  which  the  term  Metallurgy,  can  with  propriety,  be 
applied. 

Branches  of  the  subject  have  been  separately  handled,  as,  for 
instance,  "Tlie  Manufacture  of  Iron/'  by  Mushet'and  by  Alex- 
ander; valuable  iuformatiou  of  an  isolated  character  is  also  to  lie 
found  in  Urc's  "  Dictionary  of  the  Arts  and  Sciences/'  in  Taylor's 
"Records  of  Mining/'  and  in  Foster's  "  Section  of  the  Strata/* 
but  a  connected  work  upon  tlie  whole  subject  of  the  reduction 
of  metallic  <>rc3,  like  those  of  Lampadius  and  Karaten  in 
Germany,  and  of  Heron  de  ViUefu^sc  in  France,  embracing 
deaerijitions  of  the  various  nuHhods  and  proresses  of  snu^ltinj^, 
the  implements  and  materials  employed  in  obtaining  the  different 
useful  metrtls,  and  a  scientific  txplanation  of  the  processes,  analyses 
of  the  ores,    produce,    &e.,    as   comj)lete   as   the  present  state   of 


FHOtirECTlS. 


j 


Ktigtish 


science    will   admit,   hiu   never  yet   b<?eu  otTt-rcd  tu    tbc 
(lublic. 

lu  cutler vouring  tu  till  up  thiit  gap  ui  our  literature^  the  pUn 
we  pru(Mjac  to  follow  isj  perhapij^  not  tio  strictly  seictititic  «» 
thut  adopted  by  the  Gernmua  aud  French,  the  public  oi*  which 
countries  have  been  I'uuiiliar  for  nearly  a  century  with  scicntitic 
trcalisea  on  this  iniportaut  subject ;  but  we  bebeve  thut  it  will 
be  more  practically  useful  in  ihis  i*ountry,  and  more  in  ac- 
cordance with  tile  view  we  take  of  iucludiug  Metallurgy  as  « 
branch  of  Chemical  Technology.  It  also  ju»litieja  us  in  excluding 
ihoAc  metals  of  which  no  teehuical  u^e  has  yet  been  made,  or 
which  will  tind  u  more  appropriate  place  in  »uine  other  division 
of  our  subject,  while  we  properly  include  phitinum,  rhodium, 
iridium,  osniium,  uickcl,  uianganese,  araniuiu,  tangsten,  and 
chroiuiuiu,  which  have  been  wholly,  or  partly,  otuitted  by  furiDcr 
iiuthors. 

Our  arrangement  wUl,  therefore,  enibraoc  the  following  par- 
ticuluni  : 


OCNEHAL    MJSTALLUttOV. 


Gcjieral  Principles  of  Metallurgical  OjKjratums. 

Fuel  and  its  Preparation.     [Already  treated  in  Kuapp,  Vol.  1. 

Fluxes,  their  Composition,  &e. 

Buildini;  Materials  for  Furnaces,  &c. 


SretlAL    MKTALLL'ilGr. 

Chemical  Properties  of  the  Metal. 

Its  Ores,  and  their  Compusition,  &c. 

Methods  of  Assaying  the  Ores. 

Mechanical  Preparation,  or  *'  Dressing''  of  the  Ores. 

Chemical  Treatment,  or  "  Smelting"  of  the  Ores. 

The  foUowiiig  order  will  be  observed  in  treating  the  special  part 
of  the  subject,  and  the  description  of  the  metallurgical  processes 
coueerned  in  the  production  of  each  metal  will  be  followed 
by  an  account  of  the  manufacture  of  those  of  its  compoiuids 
which  deserve  such  notice  from  the  extent  of  then*  production 
or  general  usefulness. 


Iron . 
Tin. 


Iridium. 
O&mium. 


> 


^^^         Zinc.  Rlioilium. 

B  Cucluiiuiij.  Mercury. 

B  Biiiiiiiith.  Autiumuy. 

B  Coi^»|Jcr.  Arsenic. 

I  Lead.  Nickel. 

I  Silver.  Cabult. 

B  Gold.  Ckruiuium. 

B  Platinum. 

It  ia  impossible  to  overstate  the  value  of  this  branch  of  kuuw- 
ledge,  embruciuu;  an  it  docs  ouc  ul'  the  most  iiiiportuiit  sources  of 
the  imtionul  weallh,  iu  the  developmcut  of  which  so  much  c^jpital, 
eiiterprize,  and  skill,  have  bceu,  and  arc  being,  daily  expended^ 
which  protitKbly  ('ni])l(iys  so  many  thouHiinds  of  our  fcllow-country- 
mcD,  and  which  has  so  materially  aided  iu  raising  this  country  to 
the  rank  it  enjoys  among  the  natiuiifi  of  the  earth.  'Ihe  following 
tabh"  of  the  value  of  i^nnie  of  the  important  metals  produced  in 
this  country,  and  for  which  \vc  oic  indebted  to  the  Editor  of  the 
**  Mining  Jourual"  will  contirm  the  above  statement : 

Iron i;8,400,000 

Copper I,:i00,000 

Lead 920,000 

Tin 390,000 

Manganese 60,000 

Silver 70/>0() 

Zinc 8,000 

Antimony  1 

Bismuth    I 25,000 

Arsenic     J 

Although  numerous  improvements  have  been  introduced  in  the 
processes  for  smelting  ores,  it  is  acknowledged  on  every  baud  that 
the  progress  in  this  brunch  of  industry  has  not  kept  pace  with  some 
other  chemical  mamifacturcs,  imd  no  doubt  can  exist  that  it  is  to 
be  solely  attributed  to  a  deficiency  of  correct  scieutilic  knowledge. 
Had  we  possessed  a  Ber^acadamie,  like  that  at  Freiberg,  or  au 
Ecole  den  MineSj  as  exists  iu  Paris,  such  a  complaint  would  not 
have  been  heard,  nor  should  we  have  been  so  dependent  upon  the 
cheapness  of  our  fuel  and  the  facility  of  our  transport. 

We  trust  iu  some  degree,  however  humble,  to  be  the  means  of 
ditfusiug  more  extensive  and  correct  information  on  this  subject 
than  at  present  exists  in  our   language;  and  wc  hope  that  the 


piTseiit  loss  ul'  \'ni'\  lu  suieltiug  irou,  the  waste  of  lead  in  fumr. 
the  apparently  rnde  process  of  extrooting  cop|>er  and  our  u»Im* 
heapH  of  zinc  ore,  will  givf  place  to  such  improvements  as  »IuII 
place  the  Metnllnrg)'  of  Great  Hritnin  u|k»ii  an  equal  foi»titii: 
with  her  proud  pre-eminence  in  other  manufacturca. 
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the  Arts.  Hy  T.  Graham,  F.K.S.  L.  f-c  E.,  Prufcssor  of  Cherai*try  at  UaJ- 
vrrsity  flollcpc,  l»ndnn.  l!nd  Edition,  entirely  revised  and  greatly  enlarged, 
copioii<lv  illustrated  witli  Wiwdctits,  vol.  1.  1850  .  .  .     I     I  f 

: Part  IV. 

Humboldt.  Kosmos :  a  General  Survey  of  the  Physical  Phenomena  of  Ui£ 
ITuivene.  Bv  Baron  A.  lluuboldt.  Theorigiuitl  Engliih  Edition.  2  vols. pott 
8vo.     IxiMdon.  1S4B         .  .  .  .  .     I    ?• 

Vol.  11.  separately.  18^8        .  ,  .  .  .    0  U  B 

Ssenxiz.     A  Complete  Course  of  Meteorology.      By  U.  F.  K«attz,  ProfeaKN-  of 

Pliysics  at  the  UiiiTcriity  of  llalle.  With  Notes  by  Cb.  Martin*,  and  in 
Appendix  by  L,  LaUinne.  Traotlated,  with  Addiiionii.  by  C.  V.  Walker. 
1  vrtl.  po«  »vo.  pp.  024,  with  15  FUtes,  cloth  boanU,  1»45  .  .OK* 

Knapp.  Chcnncfll  Tcchnnlog}',  or  Chemistr)*  applied  to  the  Arts  and  to 
Manufactures.  Uy  F.  Knapp,  Professor  at  the  Univeriity  of  Cir^sra. 
Edited,  with  nmuerous  Additions,  by  I>r.  E.  Ronalus,  Professor  of  Chp' 
mistry  at  the  Uoyol  College,  Cridnay;  and  Do.  Thoua?  RicuAanMiK,  of 
Newc>uTlc-on-T>ne.  Illtumted  with  6O0  large  Woodcuts,  3  vols.  Svo. 
I^iidoii,  1B48— IHW)        .  .  .  .    3    »• 

Vol.  III.  separately  .  .  .  ,  .     I    1  0 

Knlpe.     Geological  Map  of  the  British  Islet;  in  a  ease.     London.  1648  .    i    ^  ^ 

Xieon  (John  A.)  The  Art  of  Mflnufortnring  and  Refiuinf;  Su^ar.  trteliidiog 
the  Maniifaottire  and  Kevinlication  of  Animal  Charrool.  With  an  AiIm  of  U 
Platen,  illusti-ufive  uf  the  Machinery  and  Building,  (.^arge  folio.  London.  I c^O    3    3  <) 

Ijidbig.  (^hernlHtry  and  PbysicH.  in  relation  to  Phyfiolngy  ami  Pathology.  By 
Bamn  Justus  Liebig,  Professor  of  Chemistry  at  the  Universty  of  Giesaea.  Snd 
Edition,  8vo.  London,  1S47  .  .  .  ,    0    3  0 

ManHfleld.     Benzole  ;  its  Natnre  ft«d  Utility.  8vo.  London.  1849     .  .    0    I  '"• 

Mitchell  (J.)  Maiiiid  of  Prnctical  .Vsiaying,  intended  for  the  nw  vl 
MciflUur^^ts,  CapiJiiuy  of  Mirier  and  Assay  era  in  General.  With  a  ro|UAaa 
Table,  for  the  puqmsc  of  ascertaining  in  Ansays  of  Gold  and  Silver  the  prerine 
amount,  in  Ounces,  Pennyweights,  and  Gnuns,  of  noble  Metal  contained  in 
one  ton  of  Ore  from  a  given  quantity.     I  vol.  [tost  H\-o.     London,  1HI6         .    A  10  6 

^ Treatise  on  the  Adulterations  of  Food,  and  the  Cbemiral  Mtun  em- 
ploye*! to  detect  thera.  Containing  Water,  Flour,  Bread.  Milk,  '  r. 
Cider,  Whines,  Spirituous  Liquors,  Coffee,  Tea,  Chocolate,  "-  v, 
Lozengca,  Cheese,  Vineg;ar,  Pickles,  Anchovy  Sauce  and  Paate,  l.»>3m,..  ^.u^e 
(Salad)  Oil,  Pepper,  Musla.Tl.     12ino.  London,  1848      .                  .  .    0    *• 

Muller.    Principle*  of  Phy«ra  and  Met<s>rolojr^-.  By  J.  Muller,  M.D-  Ittnstnted 

%nth  .'iIlO  Wood-cuts,  and  2  coloured  Platen.  Hvn.  London,  1847       .  .    0  W  <> 

I^ichoL  Astronomy  Hiiitorically  and  Scientifically  derclnpcd,  nhowingtheKiiieof 
the  Scieuce  from  its  Growl  h,  anil  the  Charactc-r  of  the  illustrious  Men  wbnbtve 
contributcil  to  it.  By  J.  P.  Nicbol,  Professor  of  .\stronomy  in  the  University 
of  Glasgow,  'i  vols.  8vo.  Illustrated  by  Plates  and  Woodcuts.  fn  tkt 
pretM. 

• Our  Planetary  System,  its  Order  and  Physical  Structure.   12ino.  With 

M'"ood-culs.     I^ndon.  iHjO  .  ,  .  .  .04* 

— Views  of  ibc  Grainier  Revolutions  of  our  Globe.  t2mo.  With  Woodcuts. 

London.  IHjO  .  .  .  .  .  .    0    *  • 

—  The  AjTtngcment  of  the  Fixed  Stara.    !2mo.    With  Plates.     A  tke 
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Que^ett  (J.)     PrtdiOJU  Tmitne  on  Uif  Use  of  the  Microflcope. 
with  Sicel  and  M'ood  Engraving.  8vo.  London.  1848     . 
A  few  copicii,  with  the  platr^  colonred 


Illustrated 


Practical    Treatise  on   Minute  lujection,   and  Ihc   AppHcMioii  of  the 

Microscope  to  Diseased  Structure.  8vo.  Illiulniteil  witli  Engi-aved  Plates  and 
Woodcuts.     /«  the  prm. 

Begnault.  An  Elementary  Treatise  on  Crystallo^phy.  Illustrated  with  108 
•         Wood  EngTa\iR^,  printed  nu  block  gmund.    8vo.  lx>ndon,  1848  . 

Beichanbach  (Baron  Charles).  Pfay^iro-PhTtiological  Researches  on  the 
Dynouiica  of  .Magneti&m,  Electricity,  Heat.  Light,  Cnrstallizuttori,  and 
Chemism.  in  their  Relations  to  Vital  Force.  The  complete  Work  fniiu  the 
Germaa  Second  Edition,  with  Additions,  a  Preface  and  Critical  Notes,  hy  .Fohn 
AKHHrH^TEfi.  M.I),     8vo.   With  Woodcuts  and  One  Plate.     London.  1850  . 

BlchardfiOn.  tieology  for  Beginneni ;  conipri-iing  a  Familiar  Ex|Hisitiou  of 
the  Elements  of  Geology  and  its  Asuociate  Sciences,  Mineralog)-,  Fossil  Con- 
cbulc^y,  Potsil  Botany,  and  Paleontology.  By  G.  F.  Richardson,  P.G.S.  2nd 
Edition,  post  8va.  Tiith  251  Woodcuts,  18'I3    .... 

Hiohordfion  and  Bonalds.  Metalliirj^ ;  And  the  Chemistry  of  the  Metals. 
In  3  vols.  8vo.     lllnstmted  with  numerous  Wood  Engrarings.     In  the  prat. 

Stars  and  the  Earth.  The  Stars  ami  the  Earth  ;  or,  Thoughts  upon  Spoce, 
Time,  uud  Eternity.  4th  Edition,  Eighth  tliuusaud,  2  Paris  in  I,  18uio. 
London,  1850  ....... 

Stephens.  Manual  of  Practical  Draining.  3rd  Edition,  with  WoodotU,  Bvo. 
Edinburgh,  IH48  ...... 

Thomson.  Chctuistry  of  Organic  Bodies — Vegetables.  By  Tlionios  Thontson, 
NLD.  F.KLS.  L.  &  E.,  Regius  Professor  of  Chemistry  in  the  Unirenity  of 
Glasgow,  Corresponding  Metulwr  of  the  RuyoJ  Academy  of  I'aris.  1  large 
vol  8to.  pp.  1092.  boards,  London.  1838 

Heat  and  Electricity.  2nd  Edition,  1  vol.  8vo.    Illustrated  with  Wood- 

Cnts,  London,  18.19  ...... 

Chemistry  of  Animal  Bodies.   8to.  Edinburgh,  1813 

Thomson  IH.  D.)  British  ,\nmml  and  Epitome  of  the  Progress  of  Science.  By 
K.  n.  T}inn)!ion»  As^tistant  Profcs!<or  in  ihc  University  of  Glasgow.  5  vols. 
l8mo.  cloth  boards,  lettered,  each    ,  .  .  .  , 

Firtt  year,  1837. 

Contains  numerous  Practical  Tables  uf  Weights,  MeaKures,  and  Coins.  The  Popidar 
Papers  arc  by  the  Rev.  B.  Powell ;  C.  Tornlinson*  Esq. ;  W.  S.  B.  Woolhouae, 
Esq. ;  T.  S.  Daviuo,  Esq. ;  R.  D.  Thomhon,  M.U. 

Sectn%d  }>/ir.  183H. 
The  Popnlar  Papers  are  by  T.  ThoniMin,  M.D.,  Regius  Professor  of  Chemistry  in 
the   University  of  Ctlosgow ;  R,  E.  Grant,  M.D.,   Professor  of  Coiniiarative 
Anatomy  in  the  University  College,  London;  R.  D.  Thomson,  M.D.;  Life  of 
James  Watt,  illustrated  with  a  Portrait ;  H.  11.  Lewis,  Esq. 

Third  Year^   1839. 
The  Popular  Papers  are  by  J.  S.  Rassell,  Esq. ;  Professor  R.  E.  Grant;  11.  Ganiier, 

Esq.;«R.  D.  Thomson.  M.D. 
Wiesbaoh  (J.)     Principle;!  of  the  Mechanics  of  Machinery  and  Eugineering. 

'1  vols.  Hvo.  Itlastrated  with  200  M'ood  Eugravings.  London,  1648  . 
Vol  II.  separately    ..... 
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Ashbumer.   On  Dentition  and  some  Coincident  Disorders.  iHriin.  Lnudnn,  IHIH 

Canton  (A.)  A  short  Treatise  on  the  Tenth,  12mo.  with  Wooil-cuts.  In  theprcM, 

Courtenay.     PathoIog>-  and  Rational  Treatment  of  Stricture  and  llrcthra  in 

all  its  Varieties  and  Complicatioiu,  with  Obscrvntions  on  the  Use  and  Abuse 

of  Urethral  Iiistnimenls.     The  wliole  illustmted  by  ntimerous  Cases.      By 

F.  B.  CovBTKNAT,  M.R.C.S.,  &.C.     4th  Edition,  8vo.  London.  1848 
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Courtonay.    \  Few  Words  on  Perineal  S<^ODt  u  recomniended  by  Pio- 

fewor  Syiuc,  for  the  Cure  of  Stricture  of  the  Urethrt.     8ro.  London,  1^50  .    •    I  I 

Practical  Observations  on  ihe  rlironic  Enlargemffnt    of    ihc    ProsMc 

Clautliii  OM  People:  with  Mmle  uf  TruaiiuLMii.     Dy  Francis  fi.  Courtcfur, 

Hvo.  with  mmicrniis  Cases  anJ  Plates,  boards,  Loudon,  1H39  ,  .    B    J  I 

Cruveilhier  and  Bonamy.     Atla*  uf  the  iHscriptive  An?" "'  •'■■ 

Huniaa  Uwly.     By  J.  Cnivcilhicr,  Profiasor  of  Anatomy   to   i 

Merficme,   Paris.     Wjih  EspUiiations  by  C.  Bonamy.     Contaii.    _, 

of  Osteology,  Syndciuology,  and  Myology.     4to.  Loodon,  1844.     t'Uu       • 

■ Coloured  ...... 

Uunglison.     A  Dictionary  of  Medical  ScJeiicc,  contaiuing  a  C   i  '">t 

of  Ihc  various  Subjects  and  Term*,  with  the  Frriich  and  otb' 
Notices  of  Climate  aud  of  ctrtebratcd  IhliiicrnI  Waten>,  and  Pomiui  r  inr  MniMti 
officinal  and  empirical   piepnrationf.     Br    Kobley    DungUton,    M.D.     Sixth 
Edition,  greatly  eulargetl,  ^vo.     Philadelphia,  IB^G 

Xn^erle.  A  Treatise  on  the  Diseases  and  Physical  Education  of  Childra,  hy 
John  Kbcrle,  M.D.     Thinl  Edition.  8vo.  Philadelphia.  1K48  .  .  0 

Fau.  Tla*  Anatomy  of  ihc  E\l«mal  t'orms  of  Man  (for  Artists).  Edited  by 
K-  Knox.  M.D.,  ^*ilh  Additions.  8ro.  Text,  and  28  4lo.  PUlca.  London, 
1819.     Plain     .  .  .  .  .  •  .1 

Coloured .  .  .  .  .  ■    X 

Gerber  and  Gxilliver.  Elements  of  the  General  and  Minute  Anatomy  of 
Man  and  the  Vlaiuiualia;  chiefly  after  Oriu^inal  Kescarche*.  By  PrufeMCfr 
Gerljer.  To  which  is  added  an  Appendix,  couipriaing  Kes.piir.  In  >  .m  il^e 
Anatomy  of  Ihe  Ulood.  Chyle,  Lymph,  Thymom  Plmd,  Tube:  i- 

tions,  by  C.  Gulliver,  F.ILS.    In'l  vol.  8vo.    Text,  and  an  AHj-  -i-A 

engraved  by  L.  Aldous.     2  voU.     8vo.     Cloth  boards,  1842  .  .14* 

Grant.  General  Vicwofthc  TlistnbutionofRitinct  AnimuU.  By  Ri>bert  E.  Gmal, 
M.D.,  F.itS.  L.  6l  E.,  Profe.'i'ior  of  Comparative  Anatomy  at  i"      '"  ity 

Collejce,  London.     In  the  "  British  Annual,"   1H39.     ISmo.    1  •.    0    5* 

On  Ihe  Principle*  of  Classilication,  as  applied  lo  the  Priiuu.,.  t..i.-..»na 

of  the  Animal  Kiitplom.    In  the  "  Oritish  Annual,**  1838.    ]8mo.  lUustimud 

with  28  Woo<IcnU,  London,  1 8.18     .  .  .  .  .    0    31 

Outlines  of  Comparative  Anutamj.  8vo.  tlluatraled  withliS  WoodonU, 

boards,  Lomlon,  1H33~41  .  .  .  .  .1 

Part  VII.  with  Title-pnge  .  .  .0 

GrOBS.     Elements  of  Patholoipcal  Anatomy.    lUnstratnl  by  coloured  Enffratln^i 

and  250  Woodcut*,  by  Samuel  U.  Gross,  M.D.,    Profeasor  of  *^  I't*" 

Mcdiru)  Institute  of  LonisviUe.     Second  edition,  8ro.     Philml  •    1  13  I'  I 

Hall  (Marsliall).    On  the  l)Ucasr»aud  nernngenicnts  of  the  >  ~n,  J 

in  their  Primary  Forms,  and  in  their  modilicntinns  by  Ai^.  Si*\  »,  I 

Hereditary  Predi^poftition.  Kxccascs,  Genera]  Disorder  and  Or:  •■■«-  I 

Bt  Marshall  Hall,  M.D.,  F.R-S.  L.  6l  E.    8vo.  with  H  engraved  i'kiet.    Loo-  I 

dcin,  1841  .  .  .    a  15  0 1 

Th€  fuUuwing  an  an  Apprmlijr  in  the  nbovf  JVorti. 

On  the  Mutuil   FlelBtions  between  Anatomy,  Pby^iolosry,  Patbolofj, 

Thrrnpeutic5,  and  the  Practice  of  Medicmc;  lieing  the  tiul.^trtnian  LectuMS 

for  1812.     8vo.  with  2  Colonrcii  Phitc»  and  1  Plain.     London.  1KI2  .    0    ^  U 

New   Memoir  on  the  Nervous  System,    true  Spuial  Marrow,  and  its 

Anatnmv,  PhrKinh>gy.  Pathology,  and  Therapeutics.  4to.  with  5  engraved 
Plates,  Lomlo'n.  IH-in       .  .  .  .  .  .    1    *>  • 

Hassal.  Tlic  Mirmscopic  Anatomy  of  the  Human  Body  in  Health  and 
iJisca.'ie.  Illustrated  with  upwards  of  40U  Original  Drawings,  many  of  them 
eoliiured.  2  vols.  tfyo.  London,  185U  .  .  .  .    2    J  " 

Henriques.  Etiolopcal,  Patholoicicnl  and  Tlicrapeutical  Krflcctions  nn  the 
Aiiatic  Cholera,  as  obscnrcd  in  Europe.  Aitia  Iktinor,  and  Egypu  Hvo.  Loaduit, 
>Hlrt  .  .  .  ,  .  ,  .    II    M 

Hufeland.  Manual  of  the  Practice  of  Medicine;  the  result  of  Fifty  Yoara* 
Experience.  By  W.  C.  Hufeland,  Physician  to  the  late  King  of  Pruwla, 
Professor  in  Ihe  I'nivenuty  of  Berlin.  Tmiulated  from  iho  Sixth  Qtymxa 
Edition,  by  C.  Brucb\iauact\  aud  H.  NeUon.  8vo.  Iiound.    London,  Itf44      .    0  U  < 
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Jones  (W.)     An  Essay  on  Mnne  of  the  most  imporlant  Diseases  of  Women, 
with  a  L)e»cripliou  of  a  Novel  Invention  for  ihcir  Treatment  and  Relief. 
Second  Hilition.     8vo.     London.  1850  .  .  .010 

Practical  OInen'atinn&  onthn  Diseases  nf  Women,  showing  the  necessity 
Physical   Exauiiiution,  and  the   Use  aud   Application  of  the  Specnium. 
lIlu^Lmtcd  hy  Ca.vs,  Woodcuts,  and  Coloured  I'late*.    Hvo.     London,  IH50  .070 
nnoo.     A  Trviaiiae  on  ihc  Mediate  AuscuUnlion,  an<l  on  Oi»3ses  of  the 
iMRf^  and  Heart.    Hy  R.  T.  H.  Laenncc,  Profe»3or  to  the  Faculty  tif  Medicine 
of  Paris.     With  Nolca  and  .\dilitioiis  by  M.  Laenncc,  and  M.  Andral.  Trans- 
lated and  Edited  by  Theuphilua  Herbrrt,  NLD.,  from  the  lost  edition  ;   with 
Practical  Notea,  by  P.  U.  Rauiadgc,  M.O.,  Oxon.   Hvo.  with  Plat«a.  London, 
1946  .  .  .  .  .  .  .    0  18  0 

baudy.  The  Anatomy  of  the  Regions  interested  in  the  Surgical  Operations 
performed  upon  the  Human  Hody;  with  Occasional  Views  of  the  Patholo. 
gical  Condition,  which  render  the  interference  of  the  Surgeon  necessary.  In 
a  Scries  of  J4  plates,  the  Size  of  Life.   By  J.  Lcbaudy.    FoUo.     London,  IH45     I     4  0 

IfOe.     The  Anatomy  of  the  Nerves  of  the  L'teru*.     By  llobert  Ixc,  M.D..  F.R.S. 

Folio,  with  2  engraved  PUtea.     London,  1841  .0     80 

Maddock.  Practical  Ohserrations  on  the  Efficacy  of  Medicated  Inhatations  in 
the  Treatment  of  Pulmonary  Consumption.  By  Dr.  Maddock.  3rd  Edition, 
8vo.  with  a  coloured  Plate.     Loudon,  194G     .  ,  .  -056 

Martin.  A  General  Introduction  to  the  Natural  History  of  Mammiferous  Ani- 
mals :  with  a  particular  View  of  the  Physical  History  of  Man,  and  the  mora 
ckwely  allied  Oencra  of  the  Order  •*  Qnadmmana,"  or  Monkeys.  Illustrated 
with  296  Anatomical,  O&tcological,  and  other  Engravings  on  wood,  and  12 
fuU.plate  Representations  of  Animals,  drawn  hy  W.  Harvey,  I  vol.  8vo. 
London,  1841  .  .  .  .  .  .     0  Iti  0 

Miner.  The  American  Dee  Keeper's  Manual;  being  a  Practical  Treatise  on  tho 
History  and  Domestic  Kconomy  of  the  Honey  Bee,  embracing  a  full  illuslnu 
tioD  of  the  whole  Subject,  with  the  most  approveil  Methmls  of  Mana^ne  this 
Insect  through  every  Branch  of  its  Culture,  the  Result  of  many  Years' 
Experience.     By  T.  B.  Miner.     I2mo.  London,  1849      .  ,  .     0     H  fi 

Moreau  (Profos'sor).  Iconcs  Obaictricic ;  a  Series  of  GO  Plate*  and  Text, 
lllu,Htrative  of  the  Art  and  Science  of  Midwifciy  in  all  its  Drnnchcs.  By 
Mureau.  Professor  of  Midwifer)-  to  the  Facultv  of  Mcdecinc,  Paris.  Edited, 
with  Practical  Remarks,  by  J.  S.  Strcltcr,  M.'R.C.S.  Folio.  Cloth  hoards. 
London,  1841.     IMce  Plain  .  .  .  .  .     .1     .1  0 

= —  Coloured  .  .  .  .  .  .600 

Owen.  Odontography ;  or.  a  TiTatise  on  the  Comparative  Anatomy  of  tbe 
Teeth,  their  Physiological  Relations,  Mode  of  Development,  and  Microscopical 
Structure  in  the  Vertebrate  Animals.  By  Richard  Owen,  F.R.S.,  Correspond- 
ing Member  of  the  Royal  Acwlemy  of  Srirnccs,  Paris  aud  Be.rliii ;  Hun- 
terian  Professor  to  the  Royal  College  of  Surgeoni^,  London.  This  splendid 
Work  is  now  completed.  2  vols,  royal  8vo.  containing  16H  platen,  half- 
bound  ntfisia.     London,  1810—45  .  .  .  .660 

A  few  copies  of  the  PUtes  have  been  printed  on  India  paper,  2  vols.  4to.  10  10  0 

Phillips.  Scrofula:  ita  Nature,  its  Prevalence,  its  Cuusc!*,  and  the  Principles  of 
Treatment,  By  Beryaiuiu  Phillips.  F.K.S.,  Surgeon  and  Lecturer  on  Surgery 
to  the  Westminster  Hospital.  8vo.  \tith  an  engraved  Plate.     London,  1846    .     0  12  0 

—  A  Treatise  on  the  Urethra;  its  Diseases,  eitpecially  Stricture,  and  their 

Cure.    8vo,  boards.     London,  1832.  .  '.  .  .08 

Frlcliard.  The  Natural  History  of  Man;  comprising  Inquiries  into  the  Modi- 
f>ing  Influence  of  Physical  and  Moral  Agencies  on  the  diflTcrcDt  Tribes  of  the 
Human  Family.  By  James  Cowles  Prichard,  M.D.,  F.R.S.,  M.R.I.A.  Corre- 
sponding Member  of  the  Natiimal  Institute,  of  the  Royal  Academy  of  Miuli 
cine,  and  of  the  Statiaiical  Society  of  France ;  Member  of  the  American 
Philosophical  Society,  &c.  &c.  3id  Ediliou,  enlarged,  with  50  coloured  and 
0  plain  Illuatratioiu,  engraved  on  steel,  and  97  Engravings  on  wood,  royal  8vo. 
eleguutly  bound  in  cloth.     London,  1848  .  .  .  .     1  16  0 

Appendijc  to  the  First  and  Second  Editions  of  tbe  Natural  Hislory 

of  Man,  large  Svo.  with  6  coloured  Plates.    London,  1845  &  1848.     Each     .     0     3,6 
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Frichard.    Six  Ethnographical  Maps,  ts  a  Supplement  to  the  Nattml  llktatj  of 

Man,  and  to  the  Kesearcbes  into  tlie  Physical  lliitor?  of  Mankind,  folio,  coloured,  i 

uid  1  ftbeet  of  lottcr-preu,  in  cioth  linanls.    2nd  Ediunn.    London,  1H50      .     1    4  II 

lUiutnttions  to  the  Researches  into  the  PhviicaJ  HIsIoit  of  M«niri«ul 

Atlas  of  4  4  coloured  and  b  plain  Platea,  engraved  oa  steel,  large  8vo.  half- 
bound.     London,  1841     .  .  .  .  .    0  IS  0 

On  the  Different  Forms  of  Insanity,  in  relation  to  Jnrispnidence.  (De- 
dicated to  the  Lord  Chancellur  of  England.)  12nio.     London.  1K42.  .0    50 

Hayer.  a  Theoretical  and  Practical  Tr'-ati»e  on  the  Diseases  of  thz'  Skin.  By 
P.  leaver,  M.D..  Phyucian  to  the  Uopital  de  la  Charity  Tratuiatcil  by 
R.  \VUlii,  M.D.  2nd  Edition,  rensodelled  and  much  ctdarged,  ia  I  thick 
vol.  Svo.  of  UOO  pages.  Tiith  Atlas,  royal  Ito.  of  26  Plates,  finely  eugrared, 
and  coloured  with  the  greatest  care,  ealiibitiug  400  Tarietica  oi  CaUnegua 
Affections.     London.  1835  .  .  .  .    4    IIJ 

= The  Text  separately.  9vo.  in  boards         .  .  .    1    •  •' 

Tlic  Atlas  4to.  separiLtdy.  in  boards        .  .  .   )  14  I 

Bryan.  The  Philosophy  of  Marriage,  in  its  Social.  Moral,  and  Physical  Reka. 
tiotis  ;  with  an  Account  of  the  Diseases  of  the  Gcnito- Urinary  Organs,  with 
the  Physiology  of  Generation  in  the  Vegetable  and  Animal  kingdoms.  By 
M.  Kyan.  M.D.    4th  Edition,  greatly  improved,  1  vol.  12mo.    London*  1B4S.    0(9 

ShuokarcL  Eesay  on  the  Indigenous  Fossorial  Hynienoptera;  osmpriaing  a 
De»criplioa  of  the  British  Species  of  Uurrowing  Sand  Wup»  cootained  in  all 
the  Metropolitan  Collections ;  with  their  habits,  as  far  aa  they  have  been 
observed.   8vo.  wiih  4  Plates.     London.  1837 


Phte  I.  U  vanihig. 

Elements  of  British  Entomology.     Part  1.     1839  . 

Syme.  Principlpn  of  Surgery.  Uy  J.  Syme,  Professor  of  Clinical  SnTgery  in  the 
UniTcriity  of  Edinburgh,  ^rd  Edition,  much  enlarged,  and  illustrated  with 
14  Plates  on  India  paper,  and  G4  NVoodculs,  1  \ol.  Hvo.     Loudon,  1B42 

VogGl  and  Day.  The  Pathological  Anatomy  of  the  Human  Uwly.  By  JuliuJ 
Vojj;el,  M.D.  Translated  from  the  German,  with  additions,  by  Geor^  B. 
Ofty.  M.D.,  Professor  to  the  Univtrsily  of  SL  AiKlrews.  Illustrated  with 
upwards  of  100  plain  atid  coloure<l  Engr&viogs,  8vo.  cloth.     London,  im?  . 

Wardrop.  On  Blood-letting;  an  Account  of  the  Curative  ElfecU  of  the 
Abstraction  of  the  Hlood ;  with  Hules  fur  employing  both  local  and  gcnaial 
Blood-letting  in  the  treatioent  of  Diseases.  12tuo.  London,  183&     . 

Wardroper.  A  Practical  Treatise  on  the  Stmcture  and  Disenca  ot  Ibl 
Teeth  and  Gums,  and  on  a  New  Principle  of  their  Titatxneat.  Srd  8d^ 
tion.  8vo.  Loudon.  1844  ....  .  . 

Waterhotise.  A  Natural  History  of  the  Mammalia.  By  G.  R.  Waterhousc, 
Esq..  of  the  Itritish  Museum.  Vol.  I^  containing  the  Order  Marsuinala,  or 
Pouched  .\nimals.  with  22  Illublrations,  engraved  on  steel,  and  18  Bagnv- 
iugs  on  wood,  ntval  Bvo.  elegantly  liound  in  cloth,  coloured  Platea 

Plain       ...... 

Vol.  11.  containing  the  Order  Rodcntia;  or,  Gnavriog  Mammalia;  with 

22  Illustrations,   engraved  on  steel,  and   Engravings  on  vrood*  CQyal  8vo- 
elegantly  bound  in  cloth,  coloured  Plates.     London.  1848  .  . 

Plain       ...... 


The  yatural  Ifutory  of  Mammalia  in  inttndfd  to  tmhraet  an  oecoms/  ^tk» 

turc  and  habitM  uf  all  the  known  »pwie»  ftf  Qnntiruftedi,  or  MammaU  ;  to  vktek 
viB  bt  added,  obxerpaiionn  ujtim  their  yeiyijrnphirni  tiixfrihutitm.  tnul  rlattijte^ 
tion.  Since  tbrfuuU  and  recent  tpecie*  tlituitfate  rtirh  other,  if  u  ako  oa- 
tvnded  tn  iw/ud^  notice$  ^the  leading  characttrt  i^f  the  eitimt  iprcie$» 

7%e  Genera,  and  many  ^f  thr  tpwiet,  ore  illustrated  by  Ewjrariugn  on  sttet,  amii 
by  H'oodtutit.  The  mod^catiims  obtrrvable  di  the  Mtmrture  t^  the  $tuOt, 
teeth,  fett,  and  nther  parity  are  almoat  entirely  iliuttrated  by  steel  &iffra9inf$. 

Willioma.    Elcmentji  of  Medicine :  Morbid  Poisons.  By  Rul>ert  WiUianu,  U.D., 

Physiciui  to  St.  Thomoa's  Hosjiilal.     2  toU.  8to.     London.  lt»36 — 11 
-^ Vol.  H.  separately.     1841       . 
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Willis*  Illustrations  of  Cutaneous  DtseaM :  a  Series  of  Delineatkms  of  the 
Afeelion6  of  the  SUn,  in  their  more  ititereitiDg  ind  frequent  fonn&  ;  with  ■ 
Practical  Summary  of  their  Symptoms,  DiAgnotiiA,  and  Treatment,  iocludinff 
appropnale  FormuLB;.  By  Rolwrt  Willis,  M.D..  Member  of  the  Boyu 
CDl1cg;e  of  Physicians.  The  Drawings  are  after  Nature,  and  Litho^mphed 
by  Arch,  llennin^.  These  IllustratioDs  are  comprised  in  94  Platct,  fnUo. 
The  Drawing  are  OrigmaU,  carefully  coloured.  Bound  in  clulh,  lettered. 
I^ndon.  1H43  . 

On  the  Trearment  of  StoDs  tn  the  Bladder  by  Medical  and  Mechanical 
Means.     London,  1842    ...... 

Wood.  A  Treatise  on  the  Practice  of  Medicine,  by  George  B.  T^'ood,  MJ). 
Second  edition.  2  tdU.  8vo.  Philadelphia,  1849 
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Botany. 

Babington.  Primiti»  Florse  Samicae ;  or,  an  Outline  of  the  Flora  of  the 
Channel  Islands  of  Jersey,  Guernsey,  Aldemey»  and  Sark.  12mo.  London, 
1839  ....... 

Fielding  and  Oardner.  Sertum  Plantarum;  or.  Drawings  and  Descrip- 
tions of  Kare  and  undcscrihed  Plants  from  the  Author*s  Herbarium.  By 
IL  B.  Fielding ;  assisted  by  G.  Gardner,  Superintendent  of  the  Hoyal  Botanie 
Gardens,  Ceylon.    8vo.     London.  1844  .... 

Gray  and  Sprague.  Genera  Flnnn  Amerioe  Boreall  Oricntalls.  lUostrata 
20<>  Plates.  2  vols.  8vo.     Boston.  1848—49  .  .  .  . 

Hassall.  a  History  of  the  Hritish  Pre»h-water  Algie,  comprising  Deacriptiona 
and  Colourwl  Deiineations  of  nearly  500  Species,  including  the  Desmtds  and 
Diatamacea.     This  Work  is  being  re-issucd  in  12  Monthly  Parts.     Price,  each 

Hooker.  I  cones  Plantaruro.  Uy  Sir  W.  J.  Hooker,  Director  of  the  Royal 
Botanic  Gardens,  Kew.  New  Series,  Vols.  I— IV,  containing  100  Platci  each 
with  Explanations,  8vo.  cloth.     London,  1842—1844.     Each  vol. 

VoL  IV.  Part  2.     London   1848 

= The  London  Journal  of  Botany.    VoU.  I— VI,  with  24  Plates  each, 

boards.     1842 — 17  ...  ... 


Now  reduced  to  20  Shilling*  each  VoL 


—  Notes  on  the  Botany  of  the  Antarctic  Voyage,  conducted  by  Captafk 

iAMKS  Ctxaa  Ross.  R.N.,  F.R.S.,  in  H.M.S.  Erebus  and  Terror;  with 
Observations  on  the  Tussac  Grass  of  the  Falkland  Iilauds.  8vo.  with  2  coloured 
Plates.     I^ndon,  1H43      . 

. Niger  Flora ;  or.  an  Enumeration  of  the  PlanU  of  Western  Tropical 

Africa,  Collected  by  the  bile  Dr.  Th.  Vogel,  Botanist  to  the  Voyage  of  the 
Exi>edition  sent  by  Her  Britannic  Majesty  to  the  River  Niger  in  1841,  under 
the  Command  of  Capt.  !L  D.  Trotter.  R,N.,  including  Spicilegia  Gorgoaca, 
by  P.  B.  Webb,  and  Flora  Nigritiana,  by  Dr.  J.  D.  Hooker  and  George 
Beutham.     With  2  Views,  a  .Map,  and  50  Plates.  8vo.  London.  1849 

Mather  (W.)  Outlines  of  Botany.  Port  I,  with  7  Plates,  I2mo.  cloth  Itoarda. 
Loudon,  1848  ....... 

Hiers  (J.)  Illustrations  of  South  American  Plants,  Vol.  L  4to.  With  34  Plates. 
London.  1847—50  ...... 

Sohleiden.  The  Plant ;  a  Biography,  in  a  Scries  of  PopuUr  Lectures  nn 
Botany.  Edited  and  Translated  by  A.  Henfrcy,  FX.S.  8vo.  with  5  coloured 
Plates,  and  13  Woodcuts.     I#nndon,  1848       .... 

Wight.  Illustrations  of  Indian  Botany;  or.  Figures  Illustrative  of  each  of  the 
Naturnl  Orders  of  Indian  Plants,  described  in  the  Author's  Prodromua  Flonc 
Peninsulsr  India:  Orieulalls;  but  not  confined  to  them.  By  Dr.  R.  Wight, 
F.L.S.,  Surgeon  to  the  Madras  Establiabraeiit.  Vol.  I,  published  in  13  Ports, 
containing  95  colourt'd  Plates.     Madras,  1838-40 

Vol.  II.  Part  I  and  2,  contaimng  146  coloured  Plates.  Madras, 


1841—49 
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WigM.  Tcones  PlanUrum  Itidiir  Oricntalis;  or,  Fibres  nf  Indian  rUnti.  By 
Ur.  Robert  Wight,  P.Li.S.,  Surgeon  to  the  Miiilrfts  Ent&hUslitucnl.  Vnl.  I,  Aio, 
consisting  of  16  Ports,  coDtaiiung  together  318  l*lat«.     Madras.  IS38— 40  ,    «    •  I 

I  Vol.  It,  cousi&ting  of  4  Parts,  containing  together  31 8  Plato. 

Mftdm.  1840—42  .  .  .  ,  .  .    6    i  • 

Vol.  in.  Parti  1  to  4,  with  r.09  Plaiej.     Sfailrmfi,  1«<3 — 17.    6    0  • 

Vol.  IV,  Parts  1  and  2.  with  223  Plat«.     Madras,  1818         .SI* 

Odd  Partt  matf  be  ot/tained  fo  complete  S^U. 

Contributions  to  the  Bolaiiy  of  Itidin.     By  Dr.    ItoWrt  Wight,  P.L^ 

Surgeon  to  the  MadrM  Efctablinhnicnt.    Hvo.     London,  I  h:U  .  .01 

— Spicilcgium  NeilgbenreiLsf ;  or.  a  Sclrclion  of  Neilghrrry  Plonu,  Drawn 

and  Coloured  from  Naturtr,  with  Brief  Descriptions  r*!'  each;  »ome  Gtriicn] 
Remarks  on  ihe  Geography  and  Aftinitirs  of  Natural  Familiea  of  PlantA,  and 
Occosonal  Notices  of  their  Economical  Properties  and  Uses.  By  Dr.  Robeit 
M^ight.  P.L.S.,  Surgeon  to  the  Madras  EstahUkhmeiit.  3  ParU,  ito.  vith 
150  coloured  Plates.     Madras,  IHiti — IR         .  .  .  .    4  10  9 

Pro4lrr>mti8    Flonc  Peninsula;    ludinj  Oricntalis;    containing  ahridged 

Descriptions  of  the  Plants  found  in  the  Peninsula  of  Britiith  India,  arranged 
according  to  the  Natural  Sjr&tem.  By  Dra.  Aobcrt  Wight,  VX.S^  and 
Walker  Araott.    YoL  1,  8to.    London.  1834.  .  .OKI 


Arnica  and  Hhus,  «ith  Directions  for  their  Use  in  Mechanical  Injoriea  nd 
in  oihcr  AfTcctions.    iHmo.     London,  lt^4S     .... 

Belluomini  (J.,  M.D.)  Scarlatina;  its  Treatment  HomaeopalhicaUy.  Sto. 
London,  I84li  .....  .  . 

ScBnninghaUBOn.  ^lanual  of  Homccnpathic  Therapeutics,  iiitcnde4l  ait  a  Guide 
to  the  HUniy  of  Materia  Medica  Pura.  Translated,  with  Aflditions,  br  S.  Laurie, 
M.D.     Bvo.     1848  ...... 

Essay  on  the  Homccopatluc  Treatment  of  Intermittent  Fevcn.   8to. 

New  York,  1845  ...... 

Black.  A  Trearise  on  the  Principles  of  llomicopathy.  8to.  London.  1812  . 
Curie  (F.  F.,  M.D.)  Practice  of  Homu»pathy.  1  vol.  8vo.  Luudun,  1838  . 
Principles  of  Homrcopalhy.    1vol.  8^o.     London,  1837 

Jalir's  Humicopathy.     New  Edition,  2  voU.  12mo.     Loadon,  1847 

5ee  Jahh. 

. Domestic  Practice  <^  Homsopathy.    3rd  Edition.  1B.S0 

Dudgoon.     The  Pathogenetic  Cyclopedia,   a  Systematic  Arrang^nicnt    ind 

Analysis  of  the  llomccopathic  Materia  Mc<lica.  Vol.  I-  8to.  London.  IHSO     . 
Dunsford  (Harrie).     The  Pathogenetic  Effects  of  some  of  the  PriDri|iil  Ho- 

mu^opailiic  Keinedics.    Hvo.     London,  1838     .... 
The  Practical  Advantages  of  Uomteopalhy,  iltuftrated  by  numeroos 

Cases.     Dedicated,  by  permission,  to  Her  Majesty  Queen  Adelaide.    I  roL 

8to.  boards.     18^1  . 

EppS.     Domestic  Momfropiithy;  or.  Rules  for  the  Domestic  Treatment  of  tlie 

Maladies  of  Infants,  Children,  and  Adults,  and  for  the  Condurt  and  Trett> 

incut  during  Pregnancy,   Confinement,  and  Suckling.     4th   Edition.   Pima 

Loudon.  1S4I   . 
Everest  (T.  K.)    A  Popular  View  of  Ilomccopatliy;  exhibiting  the  PncMtnt 

Stale  of  the  Science.     2nd  Edition,  amended  and  much  eularged.    8ro.    Lmi> 

don,  183fi         ....... 

— A  Letter  addressed  to  the  Medical  Practitioners  of  Great  Britain  on  the 

Suhject  of  Homaropathy.    8vo.    London,  183-1 
Ounther.     New  Manual  of  llomccopathic  Veterinary  Medicine :  or  the  Ho- 

nucopat hie  Treatment  of  the  Horse,  the  Ov,  the    Dog.  and  other  Domestie 

Animals.     Translated  from  the  3rd  German  Edition,  with  cousidemlde  AdtU- 

lious  and  Improvements.     Post  8vo.  cloth.     Loudon,  1847 
Hafanemann.     Materia  Medica  Pura.     Tran»lutcd  and  Edited  by  Charles  J. 
ilempel.  M.D.    4  VoAfc. ftvo.  "St'R  totV,  V&V^. 
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HatmomaziZL.     Organon  of  Homoeopathic  Medicine.   Hvo.  London,  1849  0  10  0 
.  The  Chrumo  Diseases,  their  S^wcitlc  Nature  and  HnitKcopathir  Treat- 
ment.    Translotcd  aud  Edited  by  Cliarlos  J.  Heiujicl,   M.D.  3  vob.  12mo. 
New  York,  Itf4G               .                                 .                .                                .200 
SamUtOIl.    A  Guide  to  the  Practice  of  Hom(cnpailiy.  Translated  and  compiled, 
ill  A-lphabctical  order,  from  tlie  Uemian  of  Ktioff,  Hoat,  mad  Kiickcrt,  with 
Additions.     12ino.  Leipzig,  1B4-4      ,                  .                 .                 .                  .050 
Earral  (F.  Blagdon^.  Popular  Outlines  of  Homceopalhy.  24dio.  Lond.  1840    0     10 
SartHiAim  (F.)     PrarticjU  Obsenrationn  on  nome  of  the  Chief  Homoeopathic 
Remediea.    Traaslateil  from  the  German,  with  Notes,  by  Dr.  Okie.    2  vols, 
l2mo.     New  York.  18-16.                .                .                .                .                ,    0  15  0 

-  Tlipory  of  Acute  I)i»caAes  atid  their  Hoinccopathic  Treatment.  Trans- 
lated by  C.  ilcmpel.     2  vols.  12mo.  New  York,  1948      .  .  .    0  18  0 

Theory  of  Chronic  Uiseases  and  their  Uomccopalhic  Treatment.  2  toIb. 

8vo.     New  York,  1819     .  .  .  .  .  .     0  18  0 

TTayla.     An  AddreM  on  the  Homoeopathic  System  of  Medicine.    8vo.  1843       ,010 
SempoU     HomcEOpathic  Domestic  Physirtan.    l2mo.    New  York,  1846  .060 

Hering  ^of  Philadelphia).    The  Homteopathisi  ;  or.  Domestic  Physician.     2ad 

Edition,  12mo.  Lonrion.  IR4.>  .  .  ,  .  .070 

HomCBopathic  Examiner  (the).      By  Drs.   Gray  and  HcmpeK     New 

Scries.     Vols.  I.  and  H.  New  York.  1846— 1847.     Each  .  .110  0 

J&lir.     Manual  of  lIomdfiiMithic  Medicine.     In  2  Parts.      Part  I. — Matkhia 

Mkdica.      Part  II. — Thkaapcutical  aud  SvMrroMATOLOcicAL  Kbposi- 

TOBT.     Translated  from  the    4th  Edition,    and  Editeil,  with  Additious,  by 

P.  F.  Curie,  M.D.     2  vols.  dvo.  London.  1847  .  .  .112  0 

The  rmat  complete  Work  ra  the  nbjtrt. 
The  American  Edition.     Translated  with  cxtcnsiTC  additions  from  various  sources, 

by  C.  J.  Hcmpel,  M.D.,  and  J.  M.  Quin,  M.D.,  the  Materia  Mcdica  only. 

2  large  vols.  Hvo.     New  York,  1848  .  .  .330 

Thia  Wurk  it  intemJed  to  facilitate  a  comparinn  qf  the  pamUel  at/tnp/om*  qf  the 

rariou*  IIoma'oj*atkic  ayentt^  thenhjf  enabUng  the  Pt'Oitittotier  to  ttixtoter 

the  characterixtic  itymptomt  fif  each  drug,  tmd  to  determint  with  ease  and 

cwrectneta  the  rcmeily. 
Short  Elcmpntary  Trcatiie  upon  Horaoopathy  and  its  Practice;  with 

9nmc  of  the  most  im|iortant  Etfircts  of  Ten  of  the  Principal  Homueopathic 

llcmcdies.     Translated  by  E.  Bayard,  M.D.     l8mo.  London,  1846.  .026 

■  Pocket    Dictionary   and    Concordance    of    llomceopathic    Practice,    a 

Clinical   Guide  and    Kei>crtory   for  the  Treatment  of  Acute  and   Chroulc 

Diseases.    Translated  by  C.  J.  Hempel.     Kensed  und  Edited,  by  J.  Laurie. 

l'>mo.  London.  IH.'iO        .  .  .  .  .  .     0   12  0 
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